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Sir:

Pursuant to 37 C.F.R. § 1.192, Appellants submit this Brief on Appeal in

triplicate, setting forth the basis of their appeal from the Office Action (Paper No. 10),

mailed September 18, 2000, finally rejecting Claims 1-66 of the above-identified patent

application.

Notice ofAppeal pursuant to 37 C.F.R. § 1.191 was filed on December 20, 2000

concurrently with submission of an Amendment in response to the final Office Action.

This Brief is accompanied by the filing fee under 37 C.F.R. § 1.17(c) and the fee

to cover an extension from April 20, 2001 (previously paid extension) to the end of a five

month extension period under 37 C.F.R. § 1.7(a)(5), making the deadline for filing this

Brief July 20, 2001 . The Commissioner is authorized to charge any additional fees

required in connection with the papers filed herewith to PTO Deposit Account No. 50-

0268 .
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REAL PARTY IN INTEREST

Appellants hereby identify QIAGEN GmbH, a corporation organized and existing

under the laws of the Federal Republic of Germany and having an office and place of

business in Hilden, Germany, as the assignee of the invention disclosed in the present

application.

RELATED APPEALS AND INTERFERENCES

There are no other appeals or interferences related to this appeal known to

Appellants.

STATUS OF CLAIMS

The present application was filed with original Claims 1-66.

In the first Office Action on the merits (Paper No. 6), dated March 2, 2000, the

Examiner rejected Claims 1-66.

In their response, submitted August 28, 2000, Appellants amended Claims 1, 2,

18, 31, 32, 33, 34, 49, 50, 62, 63, 64, and 66.

In the second Office Action (Paper No. 10), dated September 18, 2000, Examiner

finally rejected Claims 1-66.

In an Amendment Under 37 C.F.R. § 1.116 (Paper No. 11), submitted December

18, 2000, Appellants requested cancellation of Claims 1, 4, 9-12, 31, 33, 35, 40-43,

without prejudice, and amendments to Claims 2, 3, 14, 15, 16, 23-32, 34, 44-47, 54-64,

and 66 to advance the case by claiming particularly preferred embodiments of the

invention, i.e., methods of the invention for isolating peptides, polypeptides, or proteins.

Appellants' Amendment Under 37 C.F.R. § 1.116 was filed simultaneously with a Notice

of Appeal.

In an Advisory Action, dated January 4, 2001 (Paper No. 14), the Examiner

informed Appellants of his refusal to enter Appellants
1

proposed amendments after final

and mentioned that even if the amendments were entered that the amended claims would

have been obvious over previously cited references. The Advisory Action also informed

Appellants that their Notice of Appeal was given a filing date ofDecember 20, 2000.
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A set of appealed Claims 1-66 appears in the attached Appendix (Tab A). Claims

1-66 on appeal incorporate the amendments made in Appellants' paper submitted August

28, 2000 but not the amendments submitted after final rejection on December 18, 2000,

as those amendments were not entered.

STATUS OF AMENDMENTS

The amendments of Appellants 1 Amendment, submitted August 28, 2000, have

been entered. The amendments of Appellants Amendment Under 37 C.F.R. § 1.116,

submitted December 20, 2000 have not been entered.

SUMMARY OF INVENTION

The invention is based on Appellants
1

discovery of a technique for reducing

affinity particle loss in affinity procedures in which the affinity particles are manipulated

(e.g., during separation or collection of the particles from a solution). According to the

invention, adding detergent to one or more steps in an affinity procedure prior to or

contemporaneously with a step in which the affinity particles are manipulated (e.g.,

collected, separated, or washed) will minimize loss of the affinity particles compared to

the same procedure carried out in the absence of detergent (see, e.g., Tables 1-4 and 6 in

the Examples section at pp. 20-29 of Appellants' specification). Affinity particles that are

treated with detergent according to the invention are believed to form more compact

aggregates or pellets when collected or concentrated, and the individual particles tend to

adhere less to other surfaces such as walls of tubes and pipettes. Enhanced packing of the

detergent-contacted affinity particles decreases particle loss during handling, which, in

turn, improves yields of molecules specifically bound by the affinity particles and,

thereby, also the reliability and consistency of measurements and assays that employ the

affinity particles. Hence, Appellants' claimed invention is an improvement on prior art

affinity procedures wherein the affinity particles are manipulated in the absence of

detergent, which procedures, as Appellants have demonstrated, are subject to particle loss

and, correspondingly reduced and inconsistent yields. A benefit of contacting affinity

particles with detergent for the purpose of reducing particle loss during manipulations in

an affinity procedure has not been previously described in this art.
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SUMMARY OF THE REFERENCES CITED BY THE EXAMINER

The following five references are relied on, alone or in combination, as the basis

for the rejections maintained by the Examiner:

1. United States Patent No. 5,942,391, issued Aug. 24, 1999 ("Zhang")

2. United States Patent No. 5,466,577, issued Nov. 14, 1995 ("Weisburg")

3. United States Patent No. 5,646,016, issued Jul. 8, 1997 ("McCoy")

4. United States Patent No. 5,798,442, issued Aug. 25, 1998 ("Gallant")

5. United States Patent No. 4,009,213, issued Feb. 22, 1977 ("Stein")

Zhang

The Zhang patent describes methods for detecting a target nucleic acid from a

pathogenic microorganism or from patients with genetic diseases or cancer (see, e.g., col.

3, lines 9-16; col. 5, line 61-col. 6, line 20 of Zhang). The methods of Zhang use multiple

nucleic acid probes, including a "capture probe", which is attached to the surface of

paramagnetic particles and which binds to a target nucleic acid molecule (see, e.g., col. 3,

lines 52-59; Figure 1 of Zhang).

Some examples in Zhang for capturing and amplifying target nucleic acid

molecules using streptavidin-coated paramagnetic beads and a buffer, such as lysis

buffer, hybridization wash buffer, or a hybridization reaction buffer, which contains a

nonionic detergent (see, e.g., col. 27, lines 32-35; col. 28, lines 50-54 and 57-60 of

Zhang).

Zhang makes no observation relating to affinity particle loss and makes no

mention ofhow to reduce affinity particle loss in procedures such as the hybridization

assays described in that patent.

Weisburg

The Weisburg patent describes nucleic acid probes that hybridize to specific

target sequences in the 16S ribosomal RNA ofBorrelia bacteria, such as B. burgdorferi,

the etiological agent ofLyme Disease. Weisburg also describes the use of such probes to
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detect Borrelia target nucleic acid in dot blots (see, e.g., Example 1, col. 6, line 66-col. 7,

line 3 1 of Weisburg) and in sandwich hybridization schemes where a "capture" probe

binds a target sequence and a "detector" probe signals the binding of the target sequence

(see, e.g., Example 2, col. 7, lines 35-62). Example 3 of Weisburg describes a sandwich

hybridization protocol to diagnose Lyme disease using a capture probe linked to a

magnetic particle (see, col. 8, lines 10-23). The Examiner appears to rely on Weisburg

because of the teaching that sodium dodecyl sulfate (SDS) detergent may be used in a

lysis buffer to release RNA from blood cells in a blood sample as a prelude to the

hybridization protocol described in Example 3 (see, col. 8, lines 1-6 of Weisburg).

However, Weisburg does not recognize the problem of, or provide a solution for,

reducing affinity particle loss in affinity procedures in which the particles are

manipulated in the absence of a detergent. Nowhere does Weisburg teach or suggest the

improvement of using a detergent in an affinity separation that utilizes affinity particles,

in order to prevent or reduce loss of affinity particles during manipulations of the affinity

particles in the various steps of the procedure.

McCoy

The secondary reference, McCoy, describes methods for modifying a protein to

make it bind more readily to a metal affinity matrix, i.e., by including a "patch" of

histidine amino acid residues in a fusion partner for the protein (see, e.g., col. 3, lines 24-

31; col. 3, line 46-col. 4, line 6; col. 10, lines 56-66 ofMcCoy). This reference is

apparently cited by the Examiner to demonstrate that a fusion protein having a metal

affinity binding patch of histidines may be substituted in whatever affinity separation

method is taught by Zhang (see, Paper No. 10, paragraph bridging pages 7-8).

McCoy does not recognize the problem of, or provide a solution for, reducing

affinity particle loss in affinity procedures in which the particles are manipulated in the

absence of a detergent. Nowhere does McCoy teach or suggest the improvement of using

a detergent in an affinity separation that utilizes affinity particles, in order to prevent or

reduce loss of affinity particles during manipulations of the affinity particles in the

various steps of the procedure.
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Gallant

The Gallant patent describes isolation of "apopain", a protease which appears to

play a key role in the onset of apoptosis, and tripeptidyl derivative compounds that inhibit

apopain (see, e.g., col. 1, lines 6-15; col. 10, lines 17-col. 14, line 56 of Gallant). The

Examiner appears to rely on Gallant (Paper No. 10, paragraph bridging pages 8-9) for its

mention of the use of the zwitterionic detergent CHAPS in an HPLC purification and a

streptavidin-agarose purification (see, col. 22, lines 33-46, and col. 23, lines 3-19 of

Gallant).

The section of Gallant specifically cited by the Examiner describes a purification

scheme for apopain using various column chromatography steps. For example, the

purification scheme described in column 22 of Gallant involves applying a cytosolic

fraction of THP-1 cells to a DEAE-5PW ion exchange HPLC column that had been pre-

equilibrated in a Tris/HCl buffer comprising 0.1% (w/v) CHAPS zwitterionic detergent.

Proteins were then eluted from the column with a linear gradient ofNaCl in Tris/HCl

buffer also comprising 0.1% (w/v) CHAPS. However, it is clear that the affinity particles

in the HPLC column are never manipulated because they remain immobilized in the

column.

Thus, the secondary Gallant reference does not recognize the problem of, or

provide a solution for, reducing affinity particle loss in affinity procedures in which the

particles are manipulated in the absence of a detergent. Nowhere does Gallant teach or

suggest the improvement of using a detergent in an affinity separation that utilizes

affinity particles, in order to prevent or reduce loss of affinity particles during

manipulations of the affinity particles in the various steps of the procedure.

Stein

The secondary Stein reference is directed to an improvement of a continuous

process for separating lipid mixtures, such as fatty alcohols, of different melting points

based on a solid and oil phase separation of each component lipid, which process

includes converting the fatty alcohol components in a mixture into different forms that

have different melting points, dispersing solid forms and liquid forms of fatty alcohols

using a "wetting agent", and then drawing off a liquid oil phase containing a component

6



fatty alcohol from the dispersed solid forms of other converted fatty alcohol compounds

(see, e.g., col. 3, line 55-col. 4, line 2 of Stein). According to Stein, a variety of "wetting

agents
1

' may be used to disperse solid and oil phases that are subsequently separated in

the continuous process (see, e.g., col. 5, line 59-col. 6, line 24 of Stein). The Examiner

apparently relies on Stein for its mention of the cationic detergent dodecyl trimethyl

ammonium chloride, which is an example of a wetting agent that may be incorporated in

the continuous process of separating mixtures of fatty alcohols (see, e.g., col. 6, lines 22-

24 of Stein). However, the improved method of continuous separation of lipid mixtures

described by Stein does not involve use of affinity particles.

Thus, the Stein reference does not recognize the problem of, or provide a solution

for, reducing affinity particle loss in affinity procedures in which the particles are

manipulated in the absence of a detergent. Nowhere does Stein teach or suggest the

improvement of using a detergent in an affinity separation that utilizes affinity particles,

in order to prevent or reduce loss of affinity particles during manipulations of the affinity

particles in the various steps of the procedure.

ISSUES ON APPEAL

The issues remaining after the final rejection (Paper No. 10) and the Advisory

Action (Paper No. 14) are:

I. Whether Zhang describes the invention defined in appealed Claims 1-4, 9, 13-19,

23, 24, 31-35, 44-50, 54, 55, and 62-66 in the manner prohibited under 35 U.S.C. §

102(e)?

II. Whether Weisburg anticipates the invention defined in appealed Claims 1-4, 9,

13-17, 20, 33-35, 44-46, 48, 49, and 64-66 in the manner prohibited under 35 U.S.C. §

102(b)?

III. Whether the invention as defined in appealed Claims 1-4, 9, 13-17, 20, 25, 26, 33-

35, 44-49, 56, 57, and 64-66 would, at the time of the invention, have been obvious under

35 U.S.C. § 103(a) to a person of ordinary skill in the art in view of the teachings of

Weisburg?

IV. Whether the invention as defined in appealed Claims 1-19, 23, 24, 31-50, 54, 55,

and 62-66 would, at the time of the invention, have been obvious under 35 U.S.C. §
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103(a) to a person of ordinary skill in the art in view of the combined teachings ofZhang

in view ofMcCoy?

V. Whether the invention as defined in Claims 1-4, 9, 13-19, 21, 23, 29-35, 44-50,

52, 54, 55, and 60-66 would, at the time of the invention, have been obvious under 35

U.S.C. § 103(a) to a person of ordinary skill in the art in view of the combined teachings

of Zhang in view of Gallant?

VI. Whether the invention as defined in appealed Claims 1-4, 9, 13-19, 22, 27-29, 31-

35, 44-50, 52, 53-55, and 58-66 would, at the time of the invention, have been obvious

under 35 U.S.C. § 103(a) to a person of ordinary skill in the art in view of the combined

teachings ofZhang in view of Stein?

GROUPING OF THE CLAIMS

In the appealed claims, Claims 1, 2, 33, 34, 64 and 66 are independent claims.

Claims 2, 34, 64 and 66 are in Jepson format, which emphasizes that the invention is an

improvement ofknown affinity purification methods.

None of the grounds of final rejection distinguishes between the Jepson format

claims and the other independent claims, as all of the independent claims are subject to

all of the rejections. Accordingly, with respect to the grounds of rejection as set forth in

the Office Action of September 18, 2000 (Paper No. 10) and in the Advisory Action of

January 4, 2001 (Paper No. 14), Appellants believe that Claims 1-66 stand or fall

together.

However, if the Board determines that the Jepson format claims (Claims 2, 34, 64

and 66) are to be accorded a different scope than the other independent claims (i.e.,

Claims 1 and 33), interpreting such claims in light of the specification and prosecution

history thus far, then Appellants assert that the Jepson format claims are separately

patentable for that reason, and request that for each ground of rejection the Jepson format

claims be considered separately from the other independent claims.
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ARGUMENTS

Introduction

All of the claims of the present application are directed to an improvement in

affinity separation methods utilizing affinity particles wherein the loss of affinity

particles in the course of running the affinity separation is minimized via the exposure of

the affinity particles to a detergent. Independent Claims 2, 34, 64 and 66 have been

written in Jepson form in order to emphasize the nature of the improvement and the

context in which Appellants
1

discovery is inventive.

The Examiner has not cited any prior art that pertains to affinity separations in

particular. All of the citations relate to various protein or nucleic acid products or their

use in assays, and in the midst of the text of these citations non-specific reference is made

to detergent being present in a buffer used in a purification process or assay procedure.

No buffer compositions are claimed by Appellants. All of the appealed claims are

directed to methods , i.e., methods of isolating a target molecule using affinity particles

(e.g., magnetic affinity beads).

As Appellants' will discuss in detail below, none of the references teaches the art

anything about the technical problem that inspired Appellants' invention, and none of the

references, alone or in any combination, teaches a person skilled in the art how to modify

an affinity separation method to reduce the loss of affinity particles. With respect to the

particular invention as it is claimed by Appellants, it is respectfully submitted that all of

the citations applied against the claims are irrelevant, and as a consequence the final

rejection of the claims should be REVERSED by the Board.

1 . The problem solved by Appellants
1

claimed invention is not disclosed, suggested,

contemplated or understood in any reference or combination of references relied on by

the Examiner

Appellants' claimed invention is an improvement over prior art methods to

separate or isolate molecules of interest in solutions using affinity particles that bind to

the molecules of interest. As explained in Appellants' application at page 3, lines 15-24,

such prior art affinity separation methods are typically plagued by the loss of some

affinity particles during the manipulations of the particles that must be performed (e.g.,
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separation of the particles from a solution, washing, and transferring the particles from

one solution to another). The loss of particles during the process steps leads to reduced

yields and inconsistent purification or assay results. However, according to Appellants'

invention, contacting the affinity particles with detergent prior to such manipulations

reduces particle loss and thereby provides greater yields and reproducibility of results

(see, Examples 1-6 and Tables 1-6 at pp. 20-29 of Appellants
1

specification). Thus,

Appellants
1

claimed invention improves all prior art affinity procedures wherein the

affinity particles are manipulated in the absence of detergent. As explained below, none

of the references relied on by the Examiner, either alone or in combination, provides any

substantial evidence ofknowledge of the problem ofhow to prevent or reduce loss of

affinity particles during manipulations of the particles in the absence of detergent.

The Zhang reference describes the use of multiple nucleic acid probes to detect

target nucleic acids in a sample, wherein one of the probes, i.e., a "capture-amplification

probe", can be linked to paramagnetic particles to separate the target nucleic acids from

the sample. Zhang provides no indication of an appreciation for or a knowledge of the

difference in using affinity particles that have or have not been exposed to a detergent.

The Examiner referred in particular to Examples 1 and 9 of Zhang as evidence of

a teaching or a suggestion of Appellants 1 claimed methods. In Example 1 of Zhang, non-

ionic detergent is used in a lysis buffer containing the nucleic acid probes and later in a

particular buffer used to wash away any unbound proteins, nucleic acids, and probes that

may have been trapped non-specifically in the hybridization complex. The complex is

also linked via the capture-amplification probe to affinity particles (see, col. 27, lines 31-

52 of Zhang). In Example 9 of Zhang, another detergent is used in a hybridization buffer

and wash buffer for the hybridization complex (see, col. 39, line-col. 40, line 8 of Zhang).

Appellants are well aware that various types of cell lysis buffers, hybridization

buffers, and wash buffers with or without detergent have been developed and used in

molecular and cellular biology for decades (see, e.g., Grunstein and Hogness, Proc. Natl

Acad. Sci. USA, 72: 3961-3965 (1975) (Exhibit A); Southern, J. Mol Biol, 98: 503-517

(1975) (Exhibit B); pp. 1.101-1.103, 9.45, and 9.52-9.54 (containing excerpts from

various nucleic acid hybridization protocols) In Sambrook et al., Molecular Cloning: A

Laboratory Manual (second edition), (Cold Spring Harbor Laboratory Press, Cold Spring

10



Harbor, 1989) in Exhibit C; pp. 577-578 (excerpts describing various methods of lysing

cells) In Zubay, Biochemistry (Addison-Wesley Publishing Co., Reading, MA 1983) in

Exhibit D; pp. 18,30-18.40 (excerpts describing various methods of lysing cells) In

Sambrook et al., Molecular Cloning: A Laboratory Manual (second edition), (Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, 1989) in Exhibit E)). However,

Zhang's description of employing such standard buffers and nucleic acid hybridization

procedures provides no recognition of the problem of particle loss during manipulations

of the particles in the absence of detergents or any insight to resolving this problem.

Accordingly, Zhang only provides a reiteration of prior art buffers and procedures used in

molecular biology. The advantage of Appellants
1

claimed invention is unrecognized in

the Zhang reference, and therefore Zhang cannot be regarded as providing a teaching

relevant to the invention as claimed.

Weisburg is also void of any appreciation of the problem of losing affinity

particles in prior art procedures that require handling of affinity particles or any

appreciation of a means for its resolution. The Weisburg patent describes nucleic acid

probes for the detection of 16S ribosomal RNA (rRNA) sequences which are specific for

the Lyme disease causing bacteria, i.e., Borrelia burgdorferi, and, under certain

hybridization conditions, related species as well (see, e.g.,col. 5, line 49-col. 6, line 58 of

Weisburg). Weisburg provides a description of using the probes in a sandwich assay in

which a "capture probe" containing a nucleic acid sequence specific for a target 16S

rRNA of a bacterial species ofBorrelia is tethered by standard A-T base pair

homopolyermic sequences to a solid surface, such as a glass bead, filter disc, or magnetic

particle (see, e.g., Fig. 1; col. 7, lines 36-50).

The Examiner relied on Weisburg based on a section of the text that states:

"Blood is preferably processed so as to yield total nucleic

acid content, such as by sonication, vortexing with glass

beads, detergent lysis using an agent such as SDS or

chemical treatment, or alternatively, bacterial cells are

partially purified by, for example, the DuPont Isolator

System, followed by cell lysis. Probe 1620, with a

polymeric stretch of Adenosine residues attached, and

Probe 1621 including a 32-Phosphorous tag, are then

ideally combined with the sample in chaotropic buffer such

as guanidinium isothiocyanate. Magnetic particle beads
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which have been derivatized with oligo-Thymidine also are

advantageously included." (col. 8, lines 1-12 of Weisburg,

emphasis added)

The use of detergent to lyse blood cells is one ofmany known methods to lyse cells

available in the art. Other techniques include osmotic shock, alkali treatment (e.g., with

NaOH), enzymatic digestions, and sonication, depending on the type of cells and the

needs of the practitioner (see, e.g., Exhibits D and E). Thus, the use of detergent in

buffers to lyse cells as described in Weisburg provides no teaching relating to the

problem of affinity particle loss during affinity separation procedures, nor does Weisburg

teach or suggest the benefit of contacting affinity particles with detergent prior to the step

of manipulating the particles to reduce particle loss compared to prior art affinity

procedures performed in the absence of detergent.

McCoy, Gallant, and Stein also fail to recognize the problem of losing particles

during manipulations in prior art affinity separation procedures. Appellants also note that

there is no substantial evidence of a motivation or teaching in any of these references or

in Zhang for these references to be combined to serve as a basis for rejecting the claims

on appeal. The patent law forbids such unmotivated combinations of references as

hindsight reconstruction, so that rejections based on such combinations are improper.

See, In re Kotzab, 217 F.3d 1365, 55 USPQ2d 1313 (Fed. Cir. 2000). However, even if

the references are combined, persons of ordinary skill in the art are still not provided with

an appreciation of the problem of loss of affinity particles during the steps of prior art

affinity separation protocols, nor are they provided with a teaching or a suggestion of

Appellants' method for solving the problem.

McCoy describes fusion proteins in which a thioredoxin or thioredoxin-like

protein is fused to a protein of interest to provide stability to the protein of interest during

synthesis in E. coli bacteria. According to McCoy, such proteins may be engineered to

enhance their binding to metal binding/chelating columns. However, McCoy does not

even describe an example ofmanipulating affinity particles , McCoy only describes

protocols for using prior art metal binding/chelating affinity columns in the absence of

detergent (see, e.g., col. 16, lines 55-67; col. 30, lines 24-50 of McCoy).
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Likewise, the Gallant reference does not refer to a separation procedure in which

affinity particles are manipulated (i.e., suspended, washed, transferred, collected).

Gallant describes a routine protocol for pre-equilibrating an anion exchange high

performance liquid chromatography (HPLC) column using a buffer containing 0.1%

(w/v) CHAPS detergent (see, col. 22, lines 33-41 of Gallant). Thus, the anion exchange

particles are immobilized in the HPLC column and never subject to handling and loss.

Thus, even if combined with Zhang or Weisburg, the overall teaching of the

combination of Zhang (or Weisburg) in view of McCoy, or of Zhang (or Weisburg) in

view of Gallant, is similarly deficient, amounting to only a disparate collection of

standard lysis, wash, and hybridization buffers using nucleic acid probes from Zhang and

either a standard affinity column protocol for proteins engineered to adhere to such

columns from McCoy or a standard HPLC ion exchange column protocol for purifying a

particular protease from Gallant.

The combination of Zhang and Stein also fails to inform persons of ordinary skill

in the art of Appellants' claimed invention. As noted above, Zhang describes use of

standard lysis, wash, and hybridization buffers for isolating nucleic acids with several

types of nucleic acid probes. Stein cannot cure the deficiencies of Zhang because Stein

makes no mention or suggestion ofANY affinity method. Stein only describes a

continuous method of separating component fatty alcohols from a mixture of lipids that

have different melting temperatures. The solid phase fatty compounds are dispersed in

the mixture using a "wetting agent" (such as soaps and other surface tension lowering

compounds, see, col. 5, line 59-col. 6, line 24 of Stein). Each fatty component is melted

into oily liquid form and drawn out of the mixture with a minimal loss of wetting agent in

the process (see, e.g., col. 3, line 13-43; col. 3, line 55-col. 4, line 10 of Stein). Stein

cannot cure the deficiency ofZhang to suggest Appellants
1 claimed methods, because

Stein is devoid of any a teaching or suggestion of any affinity procedure.

Furthermore, Appellants submit that persons of ordinary skill in the art who are

aware of the problem of particle loss during manipulations in affinity procedures would

have no reasonable basis to seek an answer to the problem in Stein's improvement on a

continuous industrial process for separating fatty compounds based on different melting

points. As with the other combinations made by the Examiner, the combination of Zhang
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and Stein fails to provide an appreciation for the problem addressed and solved by

Appellants
1

claimed invention.

The Examiner has argued that Appellants have erred by analyzing the references

individually, where some of the rejections are based on a combination of references. In

the present case, there is no reference of record that either recognizes the technical

problem addressed by the invention, no reference that includes a hint of a teaching

relating to modification of standard affinity purification protocols, and in fact no

reference that relates directly to affinity separation procedures at all. In view of this

reliance by the Examiner on art that is not even in the field of the invention, Appellants

need not exhaustively analyze the combined teachings of the references. Zero + zero is

still zero: that is, since there is no teaching relevant to the modification of affinity

separation methods contained in any reference cited by the Examiner, any individual

reference OR ANY COMBINATION of such references remains devoid of a relevant

teaching.

Clearly, no combination of the references cited by the Examiner is able to provide

any recognition of the problem of, or Appellants
1

solution to, particle loss during

manipulations of affinity particles in affinity separation methods. Accordingly, it is

respectfully submitted that each of the final rejections applied against Appellants' claims

should be reversed.

2. Accidental practice of the claimed invention in the references is insufficient to

anticipate or make obvious the rejected claims under 35 U.S.C, § 102 or § 103,

respectively.

As noted above, no reference or combination of references relied on by the

Examiner either recognizes the problem of losing affinity particles during manipulations

in the absence of detergent or the advantage of using Appellants
1

claimed methods that

employ detergent to reduce such affinity particle loss. However, the Examiner also stated

that Appellants' claimed methods are an inherent feature of the references:

"Both Zhang and Weisburg teach exactly the same

structure and chemical composition of the claimed

invention. Chemicals having same structure and
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composition inherently contains [sic] the capability of

performing the intended use recited in the claims."

(Office Action of September 18, 2000 (Paper No. 10) at

page 10).

The rule to follow regarding the issues of inherency, anticipation, and

obviousness, is provided in In re Zierden, 41 1 F.2d 1325, 162 USPQ 102 (C.C.P.A.

1969). In Zierden, the appellants claimed a method for removing or preventing alluvium

(silt, mud, organic wastes and accumulations) deposits in water systems (such as

industrial heat exchange surfaces) comprising adding insoluble potassium metaphosphate

and a solubilizing agent therefor. 41 1 F.2d at 1326-1327, 162 USPQ at 103. The

examiner rejected the claims as anticipated under 35 U.S.C. § 102(b) and obvious under

35 U.S.C. § 103 based on French Patent No. 901,765 ("the French patent"), which

disclosed the addition of insoluble potassium metaphosphate and a solublizing agent

therefor to "industrial waters" (such as heating and cooling systems) to prevent deposition

of calcium carbonate scale in such systems. 41 1 F.2d at 1327, 162 USPQ at 103. The

court noted that:

"Scale and alluvium have different origins and causes and

cannot always be prevented or removed in the same ways.

This is clearly shown by appellants specification and by

the prior art references.

"The peculiar — if not unique — aspect of this case is that it

so happens that the scale prevention method and

compositions of the French patent are also effective to

remove and prevent alluvium accumulations in water

systems. The question here is whether that suffices to

negative the patentability of the appealed claims. A
corollary question . . . is whether those skilled in the art

would know, from the teaching ofthe French patent, that its

scale prevention technique is also effective to prevent or

remove deposits ofalluvium, the latter being appellant's

discovery. These are the question we must decide."

Zierden, 411 F.2d at 1327-1328, 162 USPQ 102, 103

(emphasis added).

The solicitor for the Patent Office argued that the French patent in combination

with secondary references made clear that industrial waters contained alluvium so that
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appellant's discovery was inherent in the French patent. This point was countered by the

appellant's view that the case "presents a classic example of accidental use, unrecognized

by the art, without profit to the art, and therefore without legal significance as an

anticipation," citing Pittsburgh Iron & Steel Foundries Co. v. Seaman-Sleeth Co,, 248 F.

705 (3rd Cir. 1917), which the court agreed was on point. 41 1 F.2d at 1329, 162 USPQ

at 105.

The court's analysis began with the recognition that there is an express statutory

authority for a patent on a process, which is a new use of a known process (35 U.S.C. §

100). The court then examined the French patent and noted that:

1 . the French patent contained no account of the

phenomenon (alluvium deposits) that appellant's claimed to

address, i.e., was not suggested by the prior art reference

2. there was a need to remove alluvium deposits and

current methods differed from appellant's claimed

discovery

3. the record did not show that the French patent provided

the obvious solution to the problem at the time of its

invention, {see, 411 F.2d at 1330, 162 USPQ at 105)

Based on the above points, the court concluded that it could not find the process as

claimed obvious or anticipated by the French patent and reversed the rejections of the

method claims. See, 411 F.2d at 1331, 162 USPQ at 106.

Appellants submit that following the analysis and rule of the Zierden case, the

claims in this appeal are neither anticipated nor obvious by any combination of the

references cited by the Examiner. By analogy to Zierden, Appellants submit that the

following points provide the basis for the patentability of Appellants' claimed invention:

1 . Zhang, or Weisburg, or Zhang in combination with any

of Gallant, McCoy, or Stein fail to disclose the problem of

losing affinity particles during manipulation of the particles

in affinity procedures carried out in the absence of

detergent

2. Appellants' method of controlling particle loss during

particle handling in affinity separation procedures provides

significant improvement in yields (see Examples 1-6 of the
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specification) and is different from other affinity methods

in the references, such as using columns containing

immobilized affinity particles (as in McCoy and Gallant)

3. There is no mention or suggestion in any of the

references or combinations thereof cited by the Examiner

ofhow to prevent affinity particle loss during

manipulations in an affinity procedure using Appellants
1

claimed method. (Detergent is present in the references

only by way of examples of buffers used to achieve cell

lysis, nucleic acid hybridization, removal of non-

specifically bound artifacts, solubilization of fats, and

preparation of standard chromatography columns for

protein purification.)

It may be that some of the examples in the primary references (Zhang and

Weisburg) may have enjoyed the benefit of practicing Appellants
1

claimed invention. It

cannot be determined; the references are silent as to the characteristics of the affinity

particles mentioned in passing in those references. In any event, it does not matter:

Following the reasoning of the court in Zierden, a fair reading of the primary references

or of the combination of references made by the Examiner indicates that such a practice

of the claimed invention is only an example of an accidental use, unrecognized by any of

the cited references, without profit to the art, and therefore without legal significance as

an anticipation of the claimed invention. 41 1 F.2d at 1329, 162 USPQ at 105. Following

Zierden, references of accidental use of a claimed method are not sufficient to serve as

the basis for aprimafacie case of anticipation under 35 U.S.C. § 102 or of obviousness

under 35 U.S.C. § 103. Accordingly, the rejections of the appealed claims based on

Zhang, or Weisburg, or the combination ofZhang with any ofMcCoy, Gallant, or Stein,

are clearly improper as a matter of law. As a result, all of the rejections of the final

action (Paper No. 10) should be reversed by the Board.
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CONCLUSION

For the reasons discussed herein, none of the citations relied on by the Examiner

to finally reject the claims on appeal contains any teaching relevant to improving a

method for affinity separation to reduce the loss of affinity particles during the steps of

the separation, by employing detergent with the affinity particles in one or more of the

method steps. Moreover, none of the references inherently teaches either the problem or

the benefit of Appellants
1

claimed method for improving affinity separations.

Therefore:

I. Zhang does NOT describe the invention defined in appealed Claims 1-4, 9, 13-19,

23, 24, 31-35, 44-50, 54, 55, and 62-66 in the manner prohibited under 35 U.S.C. §

102(e), and the rejection of those claims over Zhang should be reversed.

II. Weisburg does NOT anticipate the invention defined in appealed Claims 1-4, 9,

13-17, 20, 33-35, 44-46, 48, 49, and 64-66 in the manner prohibited under 35 U.S.C. §

102(b), and the rejection of those claims over Weisburg should be reversed.

III. The invention as defined in appealed Claims 1-4, 9, 13-17, 20, 25, 26, 33-35, 44-

49, 56, 57, and 64-66 would NOT have been obvious to a person of ordinary skill in the

art in view of the teachings of Weisburg, and the rejection of those claims over Weisburg

should be reversed.

IV. The invention as defined in appealed Claims 1-19, 23, 24, 31-50, 54, 55, and 62-

66 would NOT have been obvious to a person of ordinary skill in the art in view of the

combined teachings of Zhang in view of McCoy, and the rejection of those claims over

Zhang combined with McCoy should be reversed.

V. The invention as defined in Claims 1-4, 9, 13-19, 21, 23, 29-35, 44-50, 52, 54, 55,

and 60-66 would NOT have been obvious to a person of ordinary skill in the art in view

of the combined teachings ofZhang in view of Gallant, and the rejection of those claims

over Zhang combined with Gallant should be reversed.

VI. The invention as defined in appealed Claims 1-4, 9, 13-19, 22, 27-29, 31-35, 44-

50, 52, 53-55, and 58-66 would NOT have been obvious to a person of ordinary skill in

the art in view of the combined teachings ofZhang in view of Stein, and the rejection of

those claims over the combination of Zhang and Stein should be reversed.
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Reversal of the final rejections and allowance of the claims on appeal are

respectfully requested.

Respectfully submitted,

Thomas R. Berka, PrhB.

Registration No. 39,606

Leon R. Yankwich

Registration No. 30,237

Attorneys for Appellant

YANKWICH & ASSOCIATES
130 Bishop Allen Drive

Cambridge, Massachusetts 02139

telephone: (617) 491-4343

telefax: (617) 491-8801
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Patents, Washington, D.C. 20231 on the darfe indicated below:

date of mailing and signature Leon R
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APPENDIX: Claims On Appeal in U.S. Serial No. 09/353,407

1 . A method of separating particles from a solution while minimizing particle loss

comprising the steps of:

(a) combining a solution and a finely divided particulate matrix material, where said

matrix material is insoluble in said solution, in the presence of a detergent;

(b) collecting the particles of the particulate matrix material; and

(c) separating the supernatant from the particulate matrix material.

2. In a method for isolating a molecule from a sample in a vessel using affinity particles,

comprising the steps of:

(a) combining the sample containing a molecule of interest with affinity particles

suitable for binding said molecule, said affinity particles being insoluble in the

sample;

(b) collecting the affinity particles;

(c) separating the affinity particles from the unbound remainder of the sample;

(d) optionally, resuspending the affinity particles in a solution;

(e) optionally, eluting said molecule from the affinity particles, followed by

separating the affinity particles from said eluted molecule;

the improvement wherein at least one of steps (a), (b), (c), (d) if present, and (e) if present

is performed in the presence of detergent wherein the amount of detergent is sufficient to

reduce loss of particles during any separation step, in comparison to the same method

performed in the absence of detergent.

3. The method according to Claim 1 or 2, wherein the combining step (a) is carried out in

the absence of detergent, but detergent is added prior to the separation step (b).

4. The method according to Claim 2, wherein said molecule of interest is selected from the

group consisting of peptides, polypeptides, proteins, nucleotides, nucleic acids,

carbohydrates, lipids, complexes, and organic molecules.

5. The method according to Claim 2, wherein said molecule is a fusion protein or peptide.
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6. The method according to Claim 5, wherein said fusion protein is a protein or peptide

fused to a metal chelating group.

7. The method according to Claim 6, wherein said metal chelating group is two or more

histidine residues.

8. The method according to Claim 6, wherein said metal chelating group is six consecutive

histidine residues.

9. The method according to Claim 2, wherein said molecule is a nucleic acid of interest.

10. The method according to Claim 9, wherein said nucleic acid of interest is fused to a metal

chelating group.

1 1 . The method according to Claim 10, wherein said metal chelating group is two or more

histidine residues.

12. The method according to Claim 11, wherein said metal chelating group is six consecutive

histidine residues.

13. The method according to Claim 1 or 2, wherein said particles are selected from the group

consisting of ferromagnetic beads, superparamagnetic beads, and combinations thereof.

14. The method according to Claim 1 or 2, wherein said particles are composed of materials

selected from the group consisting of agarose, silica, nitrocellulose, cellulose, acrylamide,

latex, polystyrene, polyacrylate, polymethacrylate, polyethylene polymers such as

polyvinyl alcohol, glass particles, silicates including calcium, magnesium and aluminum

silicates, metal oxides including titanium oxides, and tin oxides, apatites, and

combinations thereof.

15. The method according to Claim 14, wherein said particles are coated with an affinity

ligand selected from the group consisting of antibodies for a particular antigen, antigens

for a particular antibody, antibodies recognizing a class of molecules, streptavidin,

streptavidin-tagged fusion proteins, biotin, biotin-tagged fusion proteins, glutathione,
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cellulose, amylose, ion exchange groups, hydrophobic interaction groups, oligo-dT,

nucleic acid polynucleotides complementary to a nucleic acid of interest, binding

molecules for cell-surface markers, phage ligands, antibodies recognizing cell or phage

surface antigens, and polypeptides, nucleotides or small molecules capable of affinity

interactions with a binding partner selected from the group consisting of another protein,

DNA, RNA, and small molecules.

16. The method according to Claim 1 or 2, wherein said detergent, where present, is at a

concentration of from about 0.0005% to 2.0% (v/v).

17. The method according to Claim 16, wherein said detergent is selected from a group

consisting of nonionic detergents, anionic detergents, zwitterionic detergents, cationic

detergents, and combinations thereof.

18. The method according to Claim 17, wherein said nonionic detergent is selected from the

group consisting ofpolyoxyethylene (10) cetyl alcohol, polyoxyethylene (20) cetyl

alcohol, polyoxyethylene (23) lauryl alcohol, polyoxyethylene (4-5) p-t-octy\ phenol,

polyoxyethylene (7-8) p-t-octy\ phenol, polyoxyethylene (9) p-t-octyl phenol,

polyoxyethylene (9-10) p-t-octyl phenol, polyoxyethylene (9-10) nonylphenol,

polyoxyethylene (20) sorbitol monolaurate, polyoxyethylene (20) sorbitol

monopalmitate, polyoxyethylene (20) sorbitol monooleate, octyl-P-glucoside, APO-10,

APO- 1 2, cyclohexyl-n-ethyl-p-D-maltoside, cyclohexyl-w-hexyl-P-D-maltoside,

cyclohexyl-n-methyl-P-maltoside, w-decanoylsucrose, rc-decyl-P-D-glucopyranoside, n-

decyl-P-maltopyranoside, rt-decyl-P-D-thiomaltoside, w-dodecanoyl sucrose, and

heptane-l,2,3-triol, and combinations thereof.

19. The method according to Claim 17, wherein said nonionic detergent is polyoxyehtylene

(20) sorbitol monolaurate.

20. The method according to Claim 17, wherein said anionic detergent is selected from the

group consisting of sodium dodecyl sulfate (SDS), sarkosyl, and combinations thereof.

21. The method Claim 17, wherein said zwitterionic detergent is 3-[(cholamido-propyl)-

dimethyl-ammonio]- 1 -propanesulfonate.
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22. The method according to Claim 17, wherein said cationic detergent dodecyl-trimethyl

ammonium chloride.

23. The method according to Claim 1 or 2, wherein the detergent, where present, is a

nonionic detergent at a concentration of at least about 0.005% (v/v).

24. The method according to Claim 1 or 2, wherein the detergent, where present, is a

nonionic detergent at a concentration not exceeding about 2% (v/v).

25. The method according to Claim 1 or 2, wherein the detergent, where present, is an

anionic detergent at a concentration of at least about 0.05% (v/v).

26. The method according to Claim 1 or 2, wherein the detergent, where present, is an

anionic detergent at a concentration not exceeding about 1% (v/v).

27. The method according to Claim 1 or 2, wherein the detergent, where present, is a a

cationic detergent at a concentration of at least about 0.5% (v/v).

28. The method according to Claim 1 or 2, wherein the detergent, where present, is a a

cationic detergent at a concentration not exceeding about 1% (v/v).

29. The method according to Claim 1 or 2, wherein the detergent, where present, is a

zwitterionic detergent at a concentration of at least about 0.01% (v/v).

30. The method according to Claim 1 or 2, wherein the detergent, where present, is a is a

zwitterionic detergent at a concentration not exceeding about 2% (v/v).

3 1 . The method according to Claim 1 or 2, wherein the molecule is a nucleic acid and the

detergent is polyoxyethylene (20) sorbitol monolaurate at a concentration of at least about

0.005% (v/v).
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32. The method according to Claim 1 or 2, wherein the molecule is a protein or peptide and

the detergent is polyoxyethylene (20) sorbitol monolaurate at a concentration of at least

about 0.005% (v/v).

33. A method of separating particles from a solution comprising the steps of:

(a) incubating a finely divided particulate matrix material in the presence of a

detergent wherein the amount of detergent is sufficient to reduce loss of particles

during any separation step;

(b) dispersing said particulate matrix material in a sample;

(c) collecting the particles of the particulate matrix material; and

(d) separating the supernatant from the particulate matrix material.

34. In a method for isolating a molecule of interest from a sample in a vessel using affinity

particles, comprising the steps of:

(a) providing a multiplicity of affinity particles having a binding affinity for said

molecule of interest;

(b) combining the sample containing the molecule of interest with affinity particles

suitable for binding said molecule of interest, said affinity particles being

insoluble in the sample;

(c) collecting the affinity particles;

(d) separating the affinity particles from the unbound remainder of the sample;

(e) optionally, resuspending the affinity particles in a solution;

(f) optionally, eluting said molecule of interest from the affinity particles, followed

by separating the affinity particles from said eluted molecule;

the improvement wherein the affinity particles in step (a) are incubated in the presence of

a detergent in an amount sufficient to reduce loss of particles during any subsequent

separation step, in comparison to the same method performed in the absence of detergent^

and wherein any of the steps (b), (c), (d), (e) if present, and (f) if present may optionally

be also performed in the presence of detergent.

35. The method according to Claim 34, wherein said molecule of interest is selected from the

group consisting of peptides, polypeptides, proteins, nucleotides, nucleic acids,

carbohydrates, lipids, complexes, and organic molecules.
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36. The method according to Claim 34, wherein said molecule is a fusion protein or peptide.

37. The method according to Claim 36, wherein said fusion protein is a protein or peptide

fused to a metal chelating group.

38. The method according to Claim 37, wherein said metal chelating group is two or more

histidine residues.

39. The method according to Claim 37, wherein said metal chelating group is six consecutive

histidine residues.

40. The method according to Claim 34, wherein said molecule is a nucleic acid of interest.

41 . The method according to Claim 40, wherein said nucleic acid of interest is fused to a

metal chelating group.

42. The method according to Claim 41, wherein said metal chelating group is two or more

histidine residues.

43. The method according to Claim 41, wherein said metal chelating group is six consecutive

histidine residues.

44. The method according to Claim 33 or 34, wherein said particles are selected from the

group consisting of ferromagnetic beads, superparamagnetic beads, and combinations

thereof.

45. The method according to Claim 33 or 34, wherein said particles are composed of

materials selected from the group consisting of agarose, silica, nitrocellulose, cellulose,

acrylamide, latex, polystyrene, polyacrylate, polymethacrylate, polyethylene polymers

such as polyvinyl alcohol, glass particles, silicates including calcium, magnesium and

aluminum silicates, metal oxides including titanium oxides, and tin oxides, apatites,

combinations thereof.
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46. The method according to Claim 45, wherein said particles are coated with an affinity

ligand selected from the group consisting of antibodies for a particular antigen, antigens

for a particular antibody, antibodies recognizing a class of molecules, streptavidin,

streptavidin-tagged fusion proteins, biotin, biotin-tagged fusion proteins, glutathione,

cellulose, amylose, ion exchange groups, hydrophobic interaction groups, oligo-dT,

nucleic acid polynucleotides complementary to a nucleic acid of interest, binding

molecules for cell-surface markers, phage ligands, antibodies recognizing cell or phage

surface antigens, and polypeptides capable of affinity interactions with a binding partner

selected from the group consisting of another protein, DNA, RNA, and small molecules.

47. The method according to Claim 33 or 34, wherein said detergent, where present, is at a

concentration of from about 0.0005% to 2.0% (v/v).

48. The method according to Claim 47, wherein said detergent is selected from a group

consisting of nonionic detergents, anionic detergents, zwitterionic detergents, cationic

detergents, and combinations thereof.

49. The method according to Claim 48, wherein said nonionic detergent is selected from the

group consisting of polyoxyethylene (10) cetyl alcohol, polyoxyethylene (20) cetyl

alcohol, polyoxyethylene (23) lauryl alcohol, polyoxyethylene (4-5) p-t-octy\ phenol,

polyoxyethylene (7-8) /?-/-octyl phenol, polyoxyethylene (9) p-i-octy\ phenol,

polyoxyethylene (9-10) p-f-octyl phenol, polyoxyethylene (9-10) nonylphenol,

polyoxyethylene (20) sorbitol monolaurate, polyoxyethylene (20) sorbitol

monopalmitate, polyoxyethylene (20) sorbitol monooleate, octyl-P-glucoside, APO-10,

APO-12, cyclohexyl-H-ethyl-P-D-maltoside, cyclohexyl-w-hexyl-P-D-maltoside,

cyclohexyl-n-methyl-P-maltoside, n-decanoylsucrose, w-decyl-P-D-glucopyranoside, «-

decyl-P-maltopyranoside, n-decyl-p-D-thiomaltoside, w-dodecanoyl sucrose, and

heptane- 1,2,3 -triol, and combinations thereof.

50. The method according to Claim 49, wherein said nonionic detergent is polyoxyethylene

(20) sorbitol monolaurate.

5 1 . The method according to Claim 48, wherein said anionic detergent is selected from the

group consisting of sodium dodecyl sulfate (SDS), sarkosyl, and combinations thereof.
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52. The method Claim 48, wherein said zwitterionic detergent is 3-[(cholamido-propyl)-

dimethyl-ammonio]- 1 -propanesulfonate.

53. The method according to Claim 48, wherein said cationic detergent dodecyl-trimethyl

ammonium chloride.

54. The method according to Claim 33 or 34, wherein the detergent, where present, is a

nonionic detergent at a concentration of at least about 0.005% (v/v).

55. The method according to Claim 33 or 34, wherein the detergent, where present, is a

nonionic detergent at a concentration not exceeding about 2% (v/v).

56. The method according to Claim 33 or 34, wherein the detergent, where present, is an

anionic detergent at a concentration of at least about 0.05% (v/v).

57. The method according to Claim 33 or 34, wherein the detergent, where present, is an

anionic detergent at a concentration not exceeding about 1% (v/v).

58. The method according to Claim 33 or 34, wherein the detergent, where present, is a a

cationic detergent at a concentration of at least about 0.5% (v/v).

59. The method according to Claim 33 or 34, wherein the detergent, where present, is a a

cationic detergent at a concentration not exceeding about 1% (v/v).

60. The method according to Claim 33 or 34, wherein the detergent, where present, is a

zwitterionic detergent at a concentration of at least about 0.01% (v/v).

61 . The method according to Claim 33 or 34, wherein the detergent, where present, is a is a

zwitterionic detergent at a concentration not exceeding about 2% (v/v).

62. The method according to Claim 33 or 34, wherein the molecule is a nucleic acid and the

detergent is polyoxyethylene (20) sorbitol monolaurate at a concentration of at least about

0.005% (v/v).
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63. The method according to Claim 33 or 34, wherein the molecule is a protein or peptide

and the detergent is polyoxyehtylene (20) sorbitol monolaurate at a concentration of at

least about 0.005% (v/v).

64. In a method for isolating a molecule from a sample in a vessel using magnetic affinity

particles, comprising the steps of:

(a) combining the sample containing a molecule of interest with magnetic affinity

particles suitable for binding said molecule, said magnetic affinity particles being

insoluble in the sample;

(b) applying a magnetic field to the vessel so as to attract and immobilize the magnetic

affinity particles;

(c) separating the unimmobilized remainder of the sample from the immobilized

magnetic affinity particles;

(d) optionally, resuspending the magnetic affinity particles in a solution;

(e) optionally, eluting said molecule from the affinity particles, followed by separating

the affinity particles from said eluted molecule;

the improvement wherein at least one of steps (a), (b), (c), (d) if present, and (e) if present

is performed in the presence of detergent wherein the amount of detergent is sufficient to

reduce loss of particles during any subsequent separation step, in comparison to the same

method performed in the absence of detergent.

65. The method according to Claim 64, wherein the combining step (a) is carried out in the

absence of detergent, but detergent is added prior to the application of a magnetic field in

accordance with step (b).

66. In a method for isolating a molecule of interest from a sample in a vessel, comprising the

steps of:

(a) providing a multiplicity of magnetic affinity particles suitable for binding said

molecule of interest;

(b) combining the sample containing a molecule of interest with said affinity

particles suitable for binding said molecule, said affinity particles being insoluble

in the sample;
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(c) immobilizing the magnetic affinity particles by applying a magnetic field to said

vessel;

(d) separating the remainder of the sample from the immobilized magnetic affinity

particles;

(e) optionally, resuspending the affinity particles in a solution;

(f) optionally, eluting said molecule from the affinity particles, followed by

separating the affinity particles from said eluted molecule;

the improvement wherein the affinity particles suitable for binding said molecule of

interest in step (a) are incubated in the presence of a detergent in an amount sufficient to

reduce loss of affinity particles during any subsequent separation step, in comparison to

the same method performed in the absence of detergent; and

wherein any of the steps (b), (c), (d), (e) if present, and (f) if present may optionally be

also performed in the presence of detergent.
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ter and to apply vacuum. Unless otherwise indicated, all op-
erations are carried out at room temperature (20-25°).

Lysis and DNA denaturation are effected by introducing
0.5 N NaOH beneath the filter until it barely floats. After 7
min the NaOH is slowly removed with a minimum of vacu-
um, and replaced by 1.0 M TrisHCl (pH 7.4) for 1 min.
This solution is replaced with the same buffer, after which
the pH of the solution in contact with the filter should be ap-
proximately neutral. The last wash is replaced by 1 5 M
NaCl, 0.5 M Tris-HCl (pH 7.4), which is removed after 5
min. The stainless steel collar is then placed over the filter,

and full vacuum is applied for approximately 2 min untii
the colonial residues assume a dry appearance. At this point
there is less danger of movement from the colonial site and
the remaining solutions can be layered on the upper side of
the filter.

A 2 mg/ml solution of proteinase K in 1 X SSC (0.15 M
NaCl, 0.015 M sodium citrate) is added to just cover the fil-

ter. After 15 min, it is removed by vacuum filtration, and
95% ethanol (1 ml/cm2 of filter) is similarly passed through
the filter. After five washes effected by passing chloroform
through the filter (2 ml/cm2 per wash), the filter is removed
from the apparatus, dipped into 0.3 M NaCl to remove loose
cellular debris, and baked at 80° in vacuo for 2 hr.

Hybridization and ^P-Autoradiography or 3H-Fluoro-
graphy. The dry filter is moistened with a 5 X SSC, 50%
formamide solution containing the labeled RNA using
10-15 /xl/cm2 of filter. The filter is covered with mineral oil
incubated for 16 hr at 37° to allow hybridization, and then
washed for 10 min in a beaker containing chloroform that is

gently agitated on a shaking platform. Two more identical
chloroform washes are followed by 10 min washes in 6 X
SSC, 2 X SSC, and 2 X SSC containing 20 ug/m\ of pancre-
atic ribonuclease. If the RNA is ^P-labeled, the filter is blot-
ted to remove excess liquid, covered with Saran Wrap and
placed under Kodak RPS/54 x-ray film for autoradiography.
If the RNA is

3H-Iabeled, the filter is dried for 30 min at 80°
in vacuo, and 40 M l of 7% 2,5-diphenyloxazole (PPO) in
ether is applied per cm2 of filter. The dry filter is then
placed under x-ray film for fluorography at -82° (9).

RESULTS
Colony hybridization distinguishes between
[ColElJ* and [ColEir bacteria

We have turned increasingly toward the use of the colicino-
gemc plasmid. ColEl, as a cloning vector because one can
obtain much higher cellular concentrations of its hybrids (7)
than is the case for the tetracycline resistance plasmid
pSClOl, which we used previously (1-3). The first test sys-
tem for colony hybridization therefore consisted of ^P-la-
beled cRNA made by transcription of ColEl DNA in vitro
with E. coli RNA polymerase, and £. coli containing or not
containing ColEl, i.e., [CoIEl]+ or [ColEl]- bacteria.

Fig. 2A shows the autoradiographic response obtained
after hybridization of

[

32PJcRNA to the DNA-prints of
[ColEl ]+ and [ColEl]- colonies formed on nitrocellulose fil-

**7
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PIG. 2. Hybridi2ati0n-.-of-.ColEl .cRNA . to_ [ColEl)- and
[ColEl]+ colonies. The procedures for colony hybridization, auto-
radiography, and fluorography are described in Materials and
Methods, as are the W3310 and W3110 (ColEl) E. coli strains used
to form the [ColEl]- and [ColEl] + colonies, respectively. (A) 1 X
105 cpm of [»P]cRNA (5 X 107 cpmAxg) were applied to each
13-ram filter (area « 1.3 cm2) in a 20 jd volume. After hybridiza-
tion, the DNA-prints of [ColEl

J

+ colonies contained an average of
1.8 X 102 cpm per colony, which is 30-fold greater than the back-
ground radiation from an-_equivalent area on the filter. Exposure
time = 45 min. (B) A mixture of [ColEl] + and [ColEl]

-
bacteria in

a 1:100 ratio was spread on a 47-mm filter (area = 17.3 cm2
) to ob-

tain a total of 1 to 2 X 102 colonies per filter; 5 X 106 cpm of
[szpJcRNA (3 X 107 cpm/Mg) in 250 jd were applied to the filter.

Exposure time « 4 hr. (C) A 1:1 mixture of [ColEl]+ and [ColEl]"

bacteria was spread on a 47-mm filter to obtain a total of 93 colo-

nies, of which 52 gave the A+ response seen in the figure; 1 X 106

cpm of (
3H]cRNA (2 X 107 cpm/^g) in 200 jd were applied to the

filter. Exposure time = 24 hr.

ters. The positive response given by the [ColEl

]

+ colonies is

abbreviated by A+ and the negative response of [ColEl]
-

colonies by A*. Colonies obtained by spreading mixtures of

[ColEl
]

+ and [ColEl]" bacteria in different ratios gave the

expected frequencies of A+ and A~ responses. Fig. 2B shows
the result obtained when [ColEl

]

+/[ColEl]~ = 1/100.

A more precise measure of the specificity of colony hy-
bridization of mixtures is given by the following experiment
in which a 1:1 mixture of [ColEl

]

+ and [ColEl]" bacteria

was spread on a filter to yield 31 colonies. Hybridization and
autoradiography revealed that 16 were A+ and 15 A". Bac-

' TOTAL. eRWA -

FIG. 3. Hybridization of different amounts of pDml03
PPJcRNA to [pDml03]+ and (pDml03]~ colonies. Colonies were

obtained by transferring HB101 [pDm!03] or HB101 bacteria, re-

spectively, to 13-mm filters with toothpicks. In the experiments

where <1.5 ng of cRNA were applied per filter, the specific activity

= 2 X 107 cpm/jig. The lower specific activities used for the other

two experiments were obtained by mixing this cRNA with unla-

beled pDml03 cRNA. The weak response observed for [pDml03]~
colonies could result either from E. coli DNA impurities in the

pDml03 DNA preparations used to prepare the [
32P]cRNA, or

from some similarity of sequence in pDml03 and E. coli DNAs.

teria from each of the corresponding colonies on the agar
replica plate were then tested for colicin production accord-
ing to an overlay technique described by Finnegan and Wil-
led (10). All 16 A+ colonies were colicin-positive (i e
[ColEl

]

+
); all 15 A" colonies were colicin-negative and

therefore presumed to be [ColEl}"\

Fig. 2A and B show that the position of A "colonies can be
detected on the autoradiograph because of the higher back-
ground radiation from the filter itself. While this back-
ground radiation is convenient for the direct visualization of
A~ colonies and is not critical to the observation of the A**"

response obtained with cRNAs, it may become an important
factor with other RNAs if they give a weaker A+ response.
Our observations indicate that the level of this background
varies with the preparation of labeled RNA and, possibly,

with the batch of filters, but we have not examined such fac-
tors in detail.

Fig. 2C shows that the colony hybridization procedure
can be adapted to 3H-labeled cRNA by impregnating the fil-

ter with 2,5-diphenyloxazole after hybridization and prior to

placement on the x-ray film (Materials and Methods), Of
the 93 colonies obtained by spreading a 1:1 mixture of
[ColEl]+ and [ColEl]" bacteria, 52 were A+ and 41 A~. We
estimate from the extent of the A+ response that this 3H-
fluorography is about one-twentieth as efficient as the 32P-
autoradiography

.

The autoradiographic response is proportional to the
total radioactivity of the applied cRNA and insensitive
to its specific activity

We next examined the dependence of the A+ response on
the total and the specific radioactivity of the applied cRNA.
In this case, the ^P-labeled cRNA was transcribed in zritro

from a hybrid plasmid called pDml03, and hybridized to

DNA-prints of colonies that either contained this hybrid,

[pDml03]+ , or did not, [pDml03]- The pDml03 hybrid
was formed between pSClOl plasmid DNA (9 kb) and a seg-

ment of D. melanogaster DNA (Dml03; 17 kb) that con-
tains the gene for '18' and

4

28'S rRNAs (3).

Fig. 3 shows that the autoradiographic response obtained
when pDml03 [^PJcDNA was hybridized to 13-mm filters

containing [pDml03]+ colonies is roughly proportional to

the total radioactivity. It is clearly insensitive to the mass of

cRNA containing that radioactivity, i.e., to its specific activi-

ty. For example, the response to 750 cpm of
[

32P]cRNA is

approximately the same whether contained in 0.038 ng or in

30 ng. Similarly the response to 15,000 cpm contained in 75
ng is intermediate between that to 7,500 cpm and 30,000
cpm, although the last two samples contained only 0.38 and
1.5 ng, respectively. This would suggest that the RNA-DNA
hybridization is occurring under conditions of DNA excess

even when 75 ng of pDml03 cRNA are applied per 13 mm
filter. However, we have calculated that there is only some 2

ng of pDml03 DNA per colony [i.e., (2 X 107 cells per colo-

ny) X (4 pDm!03 per cell) 2.9 X 10~8 ng DNA per

pDml03). This value is based on our observation of 2 X 107

cells per 1 mm colony and the presence of 4 pDml03 per

cell in liquid culture (3). Evidently only a small fraction of

the applied cRNA can react with the DNA-prints on the fil-

ter even though the reaction is occurring ostensibly in DNA
excess. A similar result was observed when ColEl cRNA was

hybridized to [ColEl
]

+ colonies (legend, Fig 2A). Of 2 ng

cRNA applied to each filter only 0.004 ng (i.e., 0.2%) hybri-

dized per [ColEl
]

+ colony. A 1 mm [ColEl

)

+ colony is esti-

mated to contain 3-4 ng of ColEl DNA,
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A simple explanation of these results Is obtained if one as-
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* DNA-P** hybridize,
and that tie remainder of the cRNA will not hybrioWa
sigmficant rate, due perhaps to its slow diffusion through the
nitrocellulose, or because of other barriers. Thus a DNA-prmt from a 1-mm colony, which occupies 0.6* of the area
at a 13-mm filter, would be expected to hybridize <0 6S6 of

wfir
1^ m expectation^ *«J£SL *SS£0.2% observed For a given ratio of colony to filter area, thefrachon of applied cRNA that hybridizes to a DNA-PStS

^geotel
enl

°
f ** ^ aPpUed CRNA— a

Colony hybridization with cRNA to PDml03 providesascreen /or cDm plasmids conUini/g D. meFJnogtsL

Coffil DNA are called cDm plasmids, as distinguished from

STnfet Tl,
^ Dm

j
egmenl ^ been insertedm o pSClOl In this ecuon we describe two applications ofcolony^hybn<uzation that result in the isolation of cDm plas-

hP£SntS!T repeattn8 gene-spacer Lts
lu ft S

v
ENM rDNA) to D

- rnelatxogaster (3). Inhe ftrst apphcadon, PPJcRNA to pDml03 wal used to isS
kte clones of cDm!03 plasmids; Le.. plasmids in which theDml03 segment is inserted into ColEl DNA at its single£coRI endonuckase cleavage site (7). In the second applica-
tor, the same pPJcRNA was used to screen a Urge set ofrandom cDm clones for rDNA. cRNA formed by transcrip-
tion of the entire PDml03 DNA can be used for these pur-
poses since we have demonstrated that pSClOl and ColEl
sequences do not interact to give a significant A+ response
(data not shown).

Cleavage of circular pDml03 DNA with the EcoRI re-
stncbon endonuclease yields intact Dml03 segments and
hnear pSClOl DNA (3). In cooperation with D M Gloverwe treated a mixture of EcoRI-cleaved PDml03 and ColElDNAs with E coli ligase under previously described condi-
tions (3). and then transformed colicin-sensitive E coli to
colicin El immunity with this mixture of ligated DNAs (11)
Since the EcoRI termini of the linear ColEl, pSClOl andDml03 molecules can be randomly joined by the Ugase! any
of the following circular products of this ligation may be
present in the colonies of transformants: (<) recychzed ColEl
(monomers, dimers. etc). («) molecules containing one
ColEl and one pSClOl segment [abbreviated by (c)T(p),l
««) (cWDmlOO), molecules. i.e.. the desired cDml03 p£
n7'wT, ('^4rer,T eomtfu combinations, such as
(cfcjphfDmlOS)!, which contain one or more copies of
(JoJEl.

Forty-eight of the transformants were screened for the
presence of either pSClOl or Dml03 segments by coiony
hybridization with p*P]cRNA to PDml03 (Fig. 4A), and for
the presence of the pSClOl segment by testing for resistance
to tetracycline. Of the eight A+ transformants shown in Fig
4A six were tetracycline resistant and probably contain
(c)i(ph plasmids. They were not examined further The re-
maining two (indicated by 1 and 2 in Fig. 4A) were tetracy-
cline sensitive, and were assumed to contain cDml03 plas-
mids; they were designated cDml03/l and cDm!03/2 re-
spectively.

Proof of this assumption was obtained by electron micro-
scopic examination of the plasmids isolated from the two
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VO'Ume °f 0140 ml

"
The —

for 36 h7^t tt
,U> ^ reaction buffer and ^cubatedfor36

fJ4 *** Presence of ligase (10 Mg/ml) The liftednurture of EcoRI-cleaved PDml03 and ColEl DNAs (seet^cMwas used to transform HB101 to colicin El immunHyL d^ribed
previously (11) Each of 48 transformants were ^
ana Methods), and to L-agar pUtes containing 15 „g of tetracy-cline per ml. 5 X 10* cpm of PDml03 f»P!cRNA (2 X in

' ZZ/ \

yielded the above autoradiograph. The colonies markedTZ12contain cDml03/l and cDm!03/2 hybrids, respectively (B)Etec

n
CrSh °f

f
PDml03<Dml03A! heteroduplex. pDmlMand cDml03/2 circular DNAs were randomly nicked (brolren in

toSSrf^ X
"n^

The
?
rOCedur6S f0' denaturaUon a^d rLX forULlT V*™ heteroduPl«es, for spreading in40% formamide pnor to electron microscopy, and for measuringcontour lengths have been described (1). pSClOl (9 2 kWeT^)

r^Z*7^T1 referenCe for ^""elstranded

.J ^ I"
0 refer

?
nCe^ tot «wgle-8tranded lengths

£nL ¥k 5
"""ograph of a cDml03/l<Dm 103/2 hetero-

ken n« ^ b6t?en £coRI-~t ColEl and randomly bro-Ken
,

um segmente were formed as indicated in the text and thenused to transform HB101 to colicin El immunity as in *(A) abte
300 independent transformants were transferred to six 47-mm fil.

LtDrn^ Z ^ f Tf"611 Six contro1 colonies of HB1<»

BrJtNA x . 07
P °

f

/

th
?

«X 10* cpm of PDml03
LhHHl. r ^ cpm/

'f?
) was *PP"ed P« filter for the colony

TZfS ThVUt0r
t
d '0graPh in «»"Jted from one

r«M* i u i*?^** 8 5-hr "P08"". and «hows one of the fiverDNA hybnds (cDm204) identified by this screening procedure.

transformants. and of heteroduplexes formed between
pDml03 and cDml03/2. and between cDmlfJ3/l and
cDml03/2. The mean lengths ±SD (n = 18) of cDml03/l
and cDmI03/2 are 23.0 (±1.2) kb and 21.7 (±1.5) kb. re-
spectively. The sum of the lengths of Dml03 (17 kb) and
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ColEl (6 kb; ref. 7) is 23 kb, in reasonable agreement with
these values.

A heteroduplex formed between pDml03 and cDml03/2
is shown in Fig. 4B. It consists of a 17 kb double-stranded el-

ement whose ends are connected by each of two single-
stranded elements that exhibit a length ratio of 1.5. This is

the structure expected if cDml03/2 consists of a Dm 103
segment inserted at the EcoRl cleavage site of ColEl; i.e.,

the double-stranded element represents the paired Dml03
segments of the two plasmid strands, and the larger and
smaller single-stranded elements represent the pSClOl and

^ ColEl segments respectively (expected length ratio = 9
kb/6 kb = 1.5).

The heteroduplex formed between cDml03/l and
cDml03/2 consists of a 17 kb duplex whose ends are con-
nected by two single-stranded elements of equal length (Fig.
4C). The simplest explanation of this structure is that the
Dml03 segments were oppositely inserted into ColEl dur-
ing formation of cDml03/l and cDml03/2. If the Dml03
segments in the single strands of two such oppositely orient-
ed plasmids pair to create a 17 kb duplex element, then the
two single-stranded ColEl segments would contain identical
rather than complementary base sequences, and could not
pair.

The last experiment consists in screening hundreds of dif-

ferent [cDm)+ colonies for rDNA. The [cDm)+ colonies
were obtained by transformation of colicin-sensitive £. coli
to immunity with a heterogeneous population of cDm mole-
cules constructed from EcoRI-cleaved ColEl and random
Dm segments (obtained by shear breakage) by the poly(dA)-
poly(dT) joining method (1). These transformants were pro-
vided by D. J. Finnegan and G. Rubin. They were individu-
ally transferred by toothpick to six 47-mm nitrocellulose fil-

ters, each filter containing about 50 independent transfor-
mants. Colony hybridization with pDm!03 [^PJcRNA indi-
cated no A+ colonies on three filters, 1 A+ colony on two fil-

ters, and 3 A+ colonies on one filter. The autoradiograph of
one of the two filters containing a single A+ colony,
cDm204, is given in Fig. 4D (the top row of A+ colonies on
the filter are [pDml03p" controls). When each of the 5 A+

colonies was retested by repeating this colony hybridization
on subclones, such subclones were consistently A+ .

Since pSClOl and ColEl sequences do not interact to give
an A+ response, we presume that the cDm plasmids in these

5 A+ colonies contain sequences present in Dm 103; i.e., they
contain rDNA from D. melanogaster. Indeed, D. M. Glover
and R. L. White (personal communication) have shown re-
cently that the 28 kb Dm segment in cDm204 contains the
same arrangement of '18-'28'S and spacer sequences as is

found in DmlOG.

DISCUSSION
In principle, colony hybridization of cloned hybrid plasmids
can be used to isolate any gene, or other E)NA segment,
whose base sequence is represented in an available RNA.
We used cRNA to pDm!03 for the isolation of cDm plas-

mids containing rDNA. However, as we have observed that

[pDml03]+ colonies give an adequate A+ response with 3H-

Proc, Nat. Acad. Sci. USA 72 (1975) ;- ,3965

labeled '18' plus '28'S rRNAs isolated from D. melanoeaster
cell cultures (3). the isolation could have been aeoomilS
with these rRNAs. For rRNA the genes are repealedWdreds of times per genome, and this is the reason that wewere able to isolate several hybrids containing rDNA ht
screening only a few hundred colonies. y

By contrast, we calculate that it would be necessary to
screen approximately 50,000 hybrid clones to have a 95%
chance of finding a hybrid containing a nonrepeated struck
tural gene of typical length from D. mehnogaster. From
the data given in Fig. 3 and assuming 24-hr exposures, we
estimate that this would require a total of approximately 4 X
106 cpm of pPJmRNA (specific activity > 4 X 10s cpm/Mg)
applied to about one hundred thirty-five 82-mm filters.
Thus a screen of this size is quite feasible. The isolation of
nonrepeated genes from larger genomes would, of course,
proportionately increase the number of colonies to be
screened and hence the total required radioactivity.
An important advantage of colony hybridization is that it

facilitates containment of any potentially hazardous hybrid
plasmids that may be cloned in such large screening opera-
tions. By confining the reproductive state of the hybrid-
clones to colonies, the probability of escape is reduced over
that for liquid cultures because the number of bacteria per
clone is generally smaller and aerosols or accidental spills are
less likely. Furthermore the screening operation can be con-
fined to small, controllable areas.

M.C. is grateful to R. T. Schimke for his support and encourage-
ment. We thank D. J. Finnegan, D. M. Clover, C. M. Rubin, and R.
U White for helpful discussions and for providing materials. We
are especially thankful to D, M. Clover for his help and advice in
isolating and characterizing the cDml03 hybrids. This work was
supported by grants from the National Science Foundation
(BMS74-21774) and the National Institutes of Health (CM20158
CM14931).

1. Wensink, P. C, Finnegan. D. J., Donelson. J. E. & Hocness D.
S. (1974) Cell 3, 315-325.

'

2. Hogness, D. S„ Wensink, P. C, Clover, D. M., White R. L.
Finnegan, D. J. & Donelson, J. E. (1975) in The Eukaryote
Chromosome, eds. Peacock, W. J. & Brock, R. D. (Australian
National University Press, Canberra), in press.

3. Clover. D. M, White, R. L., Finnegan. D. J. & Hogness D. S
(1975) Cell 5, 149-157.

"

4. Hayes, W. (1965) in The Genetics of Bacteria and Their Vi-
ruses (John Wiley & Sons. New York), pp. 185-188.

5. Lederberg. E. M. (1960) Symp. Soc. Cen. Microbiol 10,
115-131.

6. Katz. L., Kingsbury, D. K. & Helinski, D. R. (1973) /. Bacter-
ioi 114,577-591.

7. Hershfield, V., Boyer. H. W., Yanofsky. C, Levett. M. A. &
Helinski, D. R. (1974) Proc. Nat. Acad. Sci. USA 71, 3455-
3459.

8. Berg, D., Barrett, K. & Chamberlin, M. (1971) in Methods in

Enzymology, eds. Grossman, L. & Moldave, K. (Academic
Press, New York), Vol XXI, pp. 506-519.

9. Randerath. k. (1970) Anal. Biochem. 34, 188-205.
10. Finnegan, D. J. & Willetts (1972) Moi Cen. Cenet. 119, 57-

66.

11. Glover. D. (1975) in New Techniques in Biophysics and Cell
Biology, eds. Pain, R. & Smith, B. (John Wiley & Sons. New
York), in press.



g

* 3 «< 3 «

"SI S5 « S'S t: ^.i-o « • - ^ .

2 <n Ml S 3 g
8 § a " ^ " 13

bp
, 2 I

P .1 ^w-a .-g^ e ^ « ^ ^

^ § § g ^ ^ o -° «

QO Q> go H
e -a § ?
2 al-S-fl

° S <a

s
O
is

5

m-J 1 1 I S'-gflf^ Jill*i si I 'if %

O O S » 5 _:

M s ? g | s>J 1 J 5 -S * 1 1 £

III &11 1*1 S-s§ 8 aj

3^ 8 SIa -*3 £
| £ o *

a> . .13 o »
o _» -C •=!

f 8

73

J fulfil
1 2 - 1 3 * * !

I IS 1 ? 4

5 J I -p

PC

H
m

w

p

o

00 £ X



>§. ,

KM*!

C- 8 S a o -° 6

§ ill illlgg

i j; ^ig T K g § J3

£ 2 § 1 i - -a I

2 - e a

£ • -* o S o> T>

jq .3 «oo «> ,n £ TJ

i

!?

tf

W
W
H
P
O
CO

* - -5

M pO p<
*—

' m O —
5 4

3
s if?f 1 III

Sill**
Si ? £

j a

*n*h Ejus
^ -s °

si

w 9 E "3 ^

p<S5 H



* « i CO « fi

o ** « e «

M6,fl^-s fe § e
I? | ? fe S lis
ffs5 la 0^ e a

p
1-s.s-.

SfM ST
5 3 8

f « J « 5! £ 0 «

n|iU»i ii

o

1 aH 1 ^ l

3** o?

j
3 "8 I "3.

BBS.*
§

1

i

ill!* a*p. ©

t ^ bp

"~ 3 g 1 1 - «
o d -3 B ®

g g 8*^58~
© «J fi i



cited opifodpnu uj »zis o}Vtuixojddv

8 6 6
£
g.E «

« . -o

in

§1.1

o * ^

s Si
al |385

° sr

ill.
»-< c - 'C

^ tOJC

o 3 3

-2 &



m
a.

E
3
I

a o jo £ t» j

3-i s?s

* •< Ji " t-

si***-
n Q- . c o "

c e

£ =

• 2 ° o £.-3

If

U
II
- .2
.= ^
« 2
8-c
^ c

.2 £ - g * s £ ^
1
E < * 1 1 °

-s e i s -
c

ill J» -a & — - —
f S * £2 *

a: -o © ^ « ~

n 3 5 * °

— jO C

E *•

&

rs .§

if
c 3

is
= CC

_ &.

(ui3) uo||BJ8|vy

! o °o H

;> & -a w -g

! 25-*
c .2

-eg * 3
S d d 55

I « .ss

«

3 O S-C

i S-S ^

8 2^ x-i!

; if «a
J « t O £

- .s 1 ?

Jil-
ls I &

J

«•! t -

ft
i -a 4

^ £ « ^

1 lis

1^.8 8
§O-fl « o

>. c a '§

§ S
^ JS S ^

°-'S 3
5 g ex

O «0 C s_ ^)





o

?3 "5 g

o r- m Sf«^ Bf.

•5

S3
X

CD 5 ? £ c

»o|oa isayOtg jo % so p» !P!jqAM VN8

8 j 8 *5 ^ 'a

8 S S r
on]da |sat(5tM jo % to p»i,P!iqAM VNU

Q
Jfl

CO

I
s
3
8

a j|§S
rh o •

filif
|.g ifI

8° O CO

J» x

i Jim
1 1 Mi
5 « — a * o •

2? 5 Kj7-*P

8

I
o
'3

S

5

$

3 4! « 3 ifo o

^3

o
;

x .

I

n
il

V
1
I
1

i

6?

pa?

n
o
S

o o *a
U O (O W u
CO 01 t» 00 CO
00 05 X X w
X X o © ^
M (C h N tO

y TJ ** GO * ^ "

0 8 S g 8 g

1 Sals Si'

I 9 • a"g « §
8

Jpillll

1*55 111?

*s§ lf!f|§
I m a 1 1 p I * 1

Mill!

1 1 js 1

1

Jlill-0 n a «

si sf

d
o

* a

S3
•So

p H
jS

T S o p S© .S

•1-9 5 s 5 .9 S3
-



splitso

J ^ -g ^ g-g
**3

13 £ a

:

°* <5

I
* &

| g W ^

° ^ ^ r *

.2 5 .3 „ 5

3 § g g ^ «

j fii 11

a 0

* .3

ij|Ji|?

all it!"

J I*1»
Ii

_ -so, g .8 1 .2

- ;£ O 5 g

JlSl H
• ^gill's xag

ilil «;

5*? 3 I H '3 f £ * sJg as

d3
3 sis It

I ill*

I

8 ^ * e

ea£ a^J S-s-* §

-h ^ ^ ^
•r § 2 ° * 2

§35 ijalj

e a H- g g* § a
S- « o fe § g <«

i 1

1

ill
si

8

» .O bp ^3

3 * 6 1 ° 1 1 js 1 M O ©



•sg |s s|

I § E f 8 i
£» r9 5 2 « »

-3

+*

5
a
3
1

" C ^ 5 HH, — . —

o a — d -a „ ^ k s>

. ifHiII

I'llJlJjf

S § S p 3 -

0l 1 » a

fl O § f

- S3
M

a g g a

IS

IltH

«S -S .3 5 -°

•9-3 8

fl j 3 'I -J

83a jj I

*S I*8

. _2 so 43 O -a

p .2 a g -S »

I - 1 -3
*

d H ^ rt oo . •*?

si H

! .3

•5 -fl

^ y * £ CO ^3

I
3

J! 1 §3

E 8 i
o -g d
•3 d S

He i is ?

a

co -5

.3 55 S5S5^5S.S

s 3 .§ x

o o - s
a 8.

•> d ©

8 x "8

1 5-"
9 r &i^ 8 I

iJ»ltfli?la4S a Il

^3

S
w

cS CO ^
© g o 00 29 O H (M

Skills

I g g i i s

l-s g<g<a 5 a

if Hi.
«> »rt — ™ a

^13 I

B ao co

1 5

1 S B §*-a
03

"E ^ a> C

60

au

a
1 & ^

g 1 a 'S

aJIlilgs!

§

a

3ial« Us?! I 5 I 5 2 6 -s .a

I 3*

2.

a





iff

'GENETICS! INSTfTlJTE

"TManiatis
HARVARD UNIVERSITY

(csh)



Molecular
Cloning
A LABORATORY MANUAL

SECOND EDITION

All rights reserved

© 1989 by Cold Spring Harbor Laboratory Press

Printed in the United States of America

9

Book and cover design by Emily Harste

Cover; The electron micrograph of bacteriophage A particles

stained with uranyl acetate was digitized and assigned false color

by computer. (Thomas R. Broker, Louise T. Chow, and James I.

Garrels)

Cataloging in Publications data

Sambrook, Joseph

Molecular cloning : a laboratory manual / E.F.

Fritsch, T. Maniatis—2nd ed.

p. cm.

Bibliography: p.

Includes index.

ISBN 0-87969-309-6

1. Molecular cloning—Laboratory manuals. 2. Eukaryotic cells-

-Laboratory manuals. I. Fritsch, Edward F. II. Maniatis, Thomas
III. Title.

QH442.2.M26 1987

574.87'3224—dcl9 87-35464

Researchers using the procedures of this manual do so at their own risk. Cold Spring Harbor
Laboratory makes no representations or warranties with respect to the material set forth in
this manual and has no liability in connection with the use of these materials.

Authorization to photocopy items for internal or personal use, or the internal or personal use of
specific clients, is granted by Cold Spring Harbor Laboratory Press for libraries and other
users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service,
provided that the base fee of $0.10 per page is paid directly to CCC, 21 Congress St., Salem MA
01970. [0-87969-309-6/89 $00 + $0.10] This consent does not extend to other kinds of copying,
such as copying for general distribution, for advertising or promotional purposes, for creating
new collective works, or for resale.

All Cold Spring Harbor Laboratory Press publications may be ordered directly from Cold
Spring Harbor Laboratory Press, 10 Skyline Drive, Plainview, New York 11803. Phone:
1-800-843-4388. In New York (516) 367-8423. FAX: (516) 367-8432.



Hybridization to Nitrocellulose Filters Containing Replicas
ofBacterial Colonies

The following protocol is designed for 30 circular nitrocellulose filters, 82 mm
in diameter. Appropriate adjustments to the volumes should be made when
carrying out hybridization reactions with different numbers or sizes of filters.

1. Float the baked filters on the surface of a tray of 2x SSC until they have

become thoroughly wetted from beneath. Submerge the filters for 5

minutes.

2. Transfer the filters to a glass crystallizing dish containing at least 200 ml
of prewashing solution. Stack the filters on top of one another in the

solution. Cover the dish with Saran Wrap and transfer it to a rotating

platform in an incubator. In this and all subsequent steps, the filters

should be slowly agitated to prevent them from sticking to one another.

Incubate the filters for 30 minutes at 50°C.

Important: Do not allow the filters to dry at any stage during the

prewashing, prehybridization, or hybridization steps.

3. Gently scrape the bacterial debris from the surfaces of the filters using

Kimwipes soaked in prewashing solution. This reduces background

hybridization without affecting the intensity or sharpness of positive

signals.

4. Transfer the filters to 150 ml of prehybridization solution in a glass

crystallizing dish. Incubate the filters for 1-2 hours at the appropriate

temperature (i.e., 68°C when hybridization is to be carried out in aqueous

solution; 42°C when hybridization is to be carried out in 50% formamide).

Some workers prefer to incubate filters in heat-sealable plastic bags (Sears Seal-A-

Meal or equivalent) (see, e.g., Chapter 9, page 9.53). This method avoids problems

with evaporation and, because the sealed bags can be submerged in a water bath,

ensures that the temperatures during hybridization and washing are correct. The
bags must be opened and resealed when changing buffers. To avoid radioactive

contamination ofthe water bath, the resealed bag containing radioactivity should be

sealed inside a second, noncontaminated bag.

Often, small bubbles of air form on the surface of the filter as the temperature of

the prehybridization solution increases. It is important that these bubbles be

removed by occasionally agitating the fluid in the bag; otherwise, the components of

the prehybridization solution will not be able to coat the filter evenly. This problem

can be minimized by heating the prehybridization solution to the appropriate

temperature before adding it to the bag.

The filters should be completely covered by the prehybridization solution. During

prehybridization, sites on the nitrocellulose filter that nonspecifically bind single- or

double-stranded DNA become blocked by proteins in the BLOTTO.

Plasmid Vectors 1*101



When 32
P-labeled cDNA or RNA is used as a probe, poly(A) at a concentration of 1

Aig/ml should be included in the prehybridization and hybridization solutions to

prevent the probe from binding to T-rich sequences that are found fairly commonly
in eukaryotic DNA.

Whether or not to use a prehybridization solution containing formamide is largely a

matter of personal preference. Both versions of these solutions give excellent results

and neither has clear-cut advantages over the other. However, hybridization in 50%
formamide at 42°C is less harsh on nitrocellulose filters than is hybridization at 68°C

in aqueous solution. Offsetting this advantage is the two- to threefold slower rate of

hybridization in solutions containing formamide.

To maximize the rate of annealing of the probe with its target, hybridizations are

usually carried out in solutions of high ionic strength (6x SSC or 6x SSPE) at a

temperature that is 20-25°C below Tm (see Chapter 9, pages 9.50-9.51). Both

solutions work equally well when hybridization is carried out in aqueous solvents.

However, when formamide is included in the hybridization buffer, 6x SSPE is

preferred because of its greater buffering power.

1.102 Plasmid Vectors



5. Denature P-labeled double-stranded DNA probe by heating for 5 min-

utes to 100°C. Chill the probe rapidly in ice water. Single-stranded

probe need not be denatured. Add the probe to the prehybridization

solution covering the filters. Incubate at the appropriate temperature

until 1-3 x C0
t 1/2 is achieved (see Chapter 9, page 9.48). During the

hybridization, the containers holding the filters should be tightly closed

to prevent the loss of fluid by evaporation.

Alternatively, the probe may be denatured by adding 0.1 volume of 3 N NaOH. After

5 minutes at room temperature, transfer the probe to ice water and add 0.05 volume
of 1 M Tris • CI (pH 7.2) and 0.1 volume of 3 N HC1. Store the probe in ice water until

it is needed.

Between 2 x 10
5 and 1 x 10

6 cpm of
32
P-labeled probe (sp. act. ^ 5 x 10

7
cpm//xg)

should be used per milliliter of prehybridization solution. Using more probe will

cause the background of nonspecific hybridization to increase; using less will reduce

the rate of hybridization.

6. When the hybridization is completed, remove the hybridization solution

and immediately immerse the filters in a large volume (300-500 ml) of

2x SSC and 0.1% SDS at room temperature. Agitate the filters gently,

and turn them over at least once during washing. After 5 minutes,

transfer the filters to a fresh batch of wash solution and continue to

agitate them gently. Repeat the washing procedure twice more. At no

stage during the washing procedure should the filters be allowed to dry.

Hybridization mixtures containing radiolabeled single-stranded probes may be

stored at 4°C for several days and reused without further treatment. However,
hybridization mixtures containing complementary strands of DNA should be dis-

carded since there is no satisfactory way to denature the double-stranded DNA that

forms during the first round of hybridization.

7. Wash the filters twice for 1—1.5 hours in 300-500 ml of a solution of lx
SSC and 0.1% SDS at 68°C. At this point, the background is usually low

enough to put the filters on film. If the background is still high or if the

experiment demands washing at high stringencies, immerse the filters

for 60 minutes in 300-500 ml of a solution of 0.2 x SSC and 0.1% SDS at

68°C.

8. Dry the filters in the air at room temperature on paper towels. Arrange

the filters (numbered side up) on a sheet of Saran Wrap. Apply adhesive

dot labels marked with radioactive ink to several asymmetric locations

on the Saran Wrap. These markers serve to align the autoradiograph

with the filters. Cover the labels with Scotch Tape. This prevents

contamination of the film holder or intensifying screen with the radioac-

tive ink.

Radioactive ink is made by mixing a small amount of
32P with waterproof black

drawing ink. We find it convenient to make the ink in three grades: very hot

( > 2000 cps on a hand-held minimonitor), hot ( > 500 cps on a hand-held

minimonitor), and cool ( > 50 cps on a hand-held minimonitor). Use a fiber-tip pen to

apply ink of the desired hotness to the adhesive labels. Attach radioactive-warning

tape to the pen, and store it in an appropriate place.

Plasmid Vectors 1.103
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TABLE 9.1 Blacking Agents Used to Sutppress Background in
Hybridiaention Experiments

Agent Recommended uses

Denhardt's reagent northern hybridizations

hybridizations using RNA probes

single-copy Southern hybridizations

hybridizations involving DNA immobilized

on nylon membranes

Denhardt's reagent (Denhardt 1966) is usually made up as a 50 x stock solution,

which is filtered and stored at -20°C. The stock solution is diluted tenfold into

prehybridization buffer (usually 6x SSC or 6x SSPE containing 0.5% SDS and
100 /ig/ml denatured, fragmented salmon sperm DNA). 50x Denhardt's reagent
contains 5 g of Ficoll (Type 400, Pharmacia), 5 g of polyvinylpyrrolidone, 5 g of bovine
serum albumin (Fraction V; Sigma), and H20 to 500 ml.

BLOTTO Grunstein/Hogness hybridization

Benton/Davis hybridization

all Southern hybridizations other than
single-copy

dot blots

lx BLOTTO (Bovine Lacto Transfer Technique Optimizer; Johnson et al. 1984) is 5%
nonfat dried milk dissolved in water containing 0.02% sodium azide. It should be
stored at 4°C and diluted 25-fold into prehybridization buffer before use. BLOTTO
should not be used in combination with high concentrations of SDS, which will cause
the milk proteins to precipitate. If background hybridization is a problem, NP-40
may be added to the hybridization solution to a final concentration of 1%. BLOTTO
should not be used as a blocking agent in northern hybridizations because of the
possibility that it might contain unacceptably high levels of RNAase.

Caution: Sodium azide is poisonous. It should be handled with great care, wearing
gloves, and solutions containing it should be clearly marked.

Heparin Southern hybridization

in situ hybridization

Heparin (Sigma H-7005 porcine grade II or equivalent) is dissolved at a concen-

tration of 50mg/ml in 4x SSPE or 4x SSC and stored at 4°C. It is used as a

blocking agent at a concentration of 500 /Ltg/ml in hybridization solutions containing

dextran sulfate; in hybridization solutions that do not contain dextran sulfate,

heparin is used at a concentration of 50 /xg/ml (Singh and Jones, 1984).

Denatured, fragmented Southern and northern hybridizations

salmon sperm DNA
Salmon sperm DNA (Sigma type III sodium salt) is dissolved in water at a

concentration of 10 mg/ml. If necessary, the solution is stirred on a magnetic stirrer

for 2-4 hours at room temperature to help the DNA to dissolve. The concentration of

NaCl is adjusted to 0.1 M, and the solution is extracted once with phenol and once

with phenol: chloroform. The aqueous phase is recovered, and the DNA is sheared by
passing it 12 times rapidly through a 17-gauge hypodermic needle. The DNA is

precipitated by adding 2 volumes of ice-cold ethanol. It is then recovered by
centrifugation and redissolved at a concentration of 10 mg/ml in water. The OD260 of

the solution is determined and the exact concentration of the DNA is calculated. The
solution is then boiled for 10 minutes and stored at -20°C in small aliquots. Just

before use, the solution is heated for 5 minutes in a boiling-water bath and then

chilled quickly in ice water. Denatured, fragmented salmon sperm DNA should be

used at a concentration of 100 Aig/ml in prehybridization solutions.

Analysis and Cloning of Eukaryotic Genomic DNA 9.49



Hybridisation of Radiolabeled Probes to Nucleic Acids Immobilised
on Nitrocellulose Filters or Nylon Membranes

Although the method given below deals with RNA or DNA immobilized on
nitrocellulose filters, only slight modifications are required to adapt the

procedure to nylon membranes. These modifications are noted at the

appropriate places in the text.

1. Prepare the prehybridization solution appropriate for the task at hand.

Approximately 0.2 ml of prehybridization solution will be required for

each square centimeter of nitrocellulose filter or nylon membrane.
The prehybridization solution should be filtered through a 0.45-micron

disposable cellulose acetate filter (Schleicher and Schuell Uniflow syringe

filter No. 57240 or equivalent).

9*52 Analysis and Cloning of Eukaryotic Genomic DNA



When 32
P-labeled cDNA or RNA is used as a probe, poly(A)

+ RNA at a concentration
of 1 fig/ml may be included in the prehybridization and hybridization solutions to

prevent the probe from binding to T-rich sequences that are found fairly commonly
in eukaryotic DNA.

2. Float the nitrocellulose filter or nylon membrane containing the
target DNA on the surface of a tray of 6 x SSC (or 6 x SSPE) until it

becomes thoroughly wetted from beneath. Submerge the filter for 2
minutes.

3. Slip the wet filter into a heat-sealable bag (e.g., Sears Seal-A-Meal or

equivalent). Add 0.2 ml of prehybridization solution for each square
centimeter of nitrocellulose filter or nylon membrane.
Squeeze as much air as possible from the bag. Seal the open end of the

bag with the heat sealer. Incubate the bag for 1-2 hours submerged at

the appropriate temperature (68°C for aqueous solvents; 42°C for sol-

vents containing 50% formamide).

Often, small bubbles of air form on the surface of the filter as the temperature of the
prehybridization solution increases. It is important that these bubbles be removed
by occasionally agitating the fluid in the bag; otherwise, the components of the
prehybridization solution will not be able to coat the filter evenly. This problem can
be minimized by heating the prehybridization solution to the appropriate tempera-
ture before adding it to the bag.

4. If the radiolabeled probe is double-stranded, denature it by heating for 5
minutes at 100°C. Single-stranded probe need not be denatured. Chill

the probe rapidly in ice water.

Alternatively, the probe may be denatured by adding 0.1 volume of 3 N NaOH. After

5 minutes at room temperature, transfer the probe to ice water and add 0.05 volume
of 1 M Tris * CI (pH 7.2) and 0.1 volume of 3 N HC1. Store the probe in ice water until

it is needed.

For Southern hybridization of mammalian genomic DNA where each lane of the gel

contains 10 /tg of DNA, 10-20 ng/ml radiolabeled probe (sp. act. = 10
9
cpm/jig or

greater) should be used. For Southern hybridization of fragments of cloned DNA
where each band of the restriction digest contains 10 ng of DNA or more, much less

probe is required. Typically, hybridization is carried out for 6-8 hours using 1-2
ng/ml radiolabeled probe (sp. act. = 10

9
cpm//ig or greater).

5. Working quickly, remove the bag containing the filter from the water
bath. Open the bag by cutting off one corner with scissors. Add the
denatured probe to the prehybridization solution, and then squeeze as
much air as possible from the bag. Reseal the bag with the heat sealer so
that as few bubbles as possible are trapped in the bag. To avoid
radioactive contamination of the water bath, the resealed bag should be
sealed inside a second, noncontaminated bag.

When using nylon membranes, the prehybridization solution should be completely
removed from the bag and immediately replaced with hybridization solution. The
probe is then added and the bag is resealed.
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6. Incubate the bag submerged in a water bath set at the appropriate

temperature for the required period of hybridization.

7. Wearing gloves, remove the bag from the water bath and immediately cut

off one corner. Pour out the hybridization solution into a container

suitable for disposal, and then cut the bag along the length of three sides.

Remove the filter and immediately submerge it in a tray containing

several hundred milliliters of 2 x SSC and 0.5% SDS at room tem-

perature.

Important: Do not allow the filter to dry out at any stage during the

washing procedure.

8. After 5 minutes, transfer the filter to a fresh tray containing several

hundred milliliters of 2 x SSC and 0.1% SDS and incubate for 15

minutes at room temperature with occasional gentle agitation.

If short oligonucleotides are used as probes, washing should be carried out only for

brief periods (1-2 minutes) at the appropriate temperature. For a discussion of the

stability of hybrids involving oligonucleotides, see Chapter 11.

9. Transfer the filter to a flat-bottom plastic box containing several hundred

milliliters of fresh 0.1 x SSC and 0.5% SDS. Incubate the filter for 30

minutes to 1 hour at 37°C with gentle agitation.

10. Replace the solution with fresh 0.1 x SSC and 0.5% SDS, and transfer

the box to a water bath set at 68°C for an equal period of time. Monitor

the amount of radioactivity on the filter using a hand-held minimonitor.

The parts of the filter that do not contain DNA should not emit a

detectable signal. You should not expect to pick up a signal on the

minimonitor from filters containing mammalian DNA that has been

hybridized to single-copy probes.

11. Briefly wash the filter with 0.1 x SSC at room temperature. Remove

most of the liquid from the filter by placing it on a pad of paper towels.

12. Place the damp filter on a sheet of Saran Wrap. Apply adhesive dot

labels marked with radioactive ink to several asymmetric locations on

the Saran Wrap. These markers serve to align the autoradiograph with

the filter. Cover the labels with Scotch Tape. This prevents contamina-

tion of the film holder or intensifying screen with the radioactive ink.

Radioactive ink is made by mixing a small amount of
32P with waterproof black

drawing ink. We find it convenient to make the ink in three grades: very hot
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Table 16-$

Protein and Lipid Content of Organellar Membranes

Membrane

Approximate
Protein/Lipid
Ratio
(wt/wt)

Approximate
Cholesterol/
Other Lipids
(Molar Ratio)

Golgi apparatus 0.7 - 0.08

Liver plasma membrane 1.0 0.40

Endoplasmic reticulum 1.0 0.06

Mitochondrial outer membrane LO 0.05

Mitochondrial inner membrane 3.0 0.03
Nuclear membrane 3.0 0.11

Lysosomal membrane 3.0 0.16

— "*• I'-, -uu u. atues, Molecular Dynamics in BiolosMembranes. Heidelberg Science Library, Vol. 22, Springer Verlag, New York, 1975.

a sucrose density gradient (column 4) does not correlate with size but
rather with its density, which is determined by its chemical composition
(Figure 16-3). Nucleic acid (p ~ 1.7) is more dense than protein (p ~ 1 25)
and protein is more dense than lipid (p = 0.9-1.1). These facts account for
the relatively high density of nuclei and the low density of the Golgi appa-
ratus, which has a relatively high lipid content. Since each organelle has a
specific function, it also must possess a unique complement of enzymes
This prediction has been amply verified by the subcellular localization of
numerous enzymes (Table 16-2, column 5), and these specific associations
have greatly facilitated the assay and isolation of organelles from eukary-
otic cells.

7

Once the subcellular organelles have been separated, their membranes
can be isolated. For those organelles enclosed by a single membrane treat-
ment in hypotonic buffer (osmotic shock ) followed by centrifugal separa-
tion of the membrane ghosts from the intraorganeUar soluble proteins al-
lows one to study membrane composition. Nuclei and mitochondria
however, possess two membranes, and these must be separated before their
chemical and physical properties can be studied. In these cases, selective
solubilization of the outer membrane can be obtained by treatment with
appropriate detergents allowing purification of intact inner membranes
Procedures such as these have allowed detailed analyses of the lipid and
protein contents of organellar membranes (Table 16-3) and have provided
experimental systems in which to study the structures and functions of
each different membrane system.

Constituents of Bacterial Cell Envelopes

In contrast to animal cells, most prokaryotic cells are surrounded by a
rather complex and rigid cell wall, which allows bacteria to live in a hypo-
tonic environment without bursting and confers upon these cells their
characteristic shape (rod, sphere, or spiral). In 1884, Christian Gram dis



mm

Figure 16-4

Electron micrographs of sections

through the surface layers of a
Gram-positive (a) and a Gram-nega-
tive (b) bacterium (cm = cytoplasmic

membrane; om = outer membrane;
Pg = peptidoglycan; ta = teichoic

acid). Note the thick cell wall in (a)

compared with the distinct inner and
outer trilaminar membranes sepa-

rated by a thin peptidoglycan layer in

(/>). (Courtesy J. Stolz; 150,000x0

covered that bacteria could be divided into those which retained a crystal

violet-iodine dye complex after washing with alcohol (Gram positive) and

those which did not (Gram negative ). Even today, the Gram stain reaction

is a useful tool in classifying bacteria, and this difference in staining has

been found to correlate with a fundamental difference in cell wall structure

between Gram-positive and Gram-negative cells (Figure 16-4). Gram-posi 1

tive cells are surrounded by a cytoplasmic membrane and a thick cell wall

consisting of a sugar-amino acid heteropolymer, or peptidoglycan (Figure

16-5) and polyol phosphate polymers called teichoic acids (Figure 16-6<a).

Gram-negative bacteria have a much thinner cell wall consisting entirely of

peptidoglycan and associated proteins, and this cell wall is surrounded by a

second, outer membrane comprised of lipid, lipopolysaccharide (Figure

16-6b), and protein. The biosynthesis of the peptidoglycan and the outer

membrane lipopolysaccharide are discussed in Chapter 12. The space be-

tween the inner and outer membranes, or periplasmic space, also contains

proteins that have a variety of functions (see the following discussion).

In order to examine the compositions and functions of the various cell

layers of Gram-negative bacteria, it is necessary to first separate these layers.

This has been accomplished by treatment of the cells with lysozyme

(which hydrolyzes peptidoglycan) and EDTA (which destabilizes the outer

membrane) in isoosmotic sucrose solutions (Figure 16-7). Periplasmic pro-

teins are released by this first step and can be separated by sedimenting the

resulting sphewplasts, which have lost any nonspherical shape characteris-

tic of the original cell because their peptidoglycan cell wall has been di-

gested. Subsequent treatment of spheroplasts with high-frequency sound

(sonicdtion ) ruptures both outer and inner membranes which quickly

reseal into smaller spherical, closed vesicles (Figure 16-7). Because of their

higher carbohydrate content, vesicles derived from the outer membrane
have a higher density than those derived from the inner membrane and

thus can be separated from them by isopycnic centrifugation in a sucrose

density gradient. By these techniques, electron transport chains, ATP syn-

thesizing enzymes, many transport proteins, and other enzymes have been

-GlcNAc-MurNAc-GlcNAc-MurNAc-GlcNAc-MurNAc-

L-Ala -GlcNAc-MurNAc-GlcNAc-MurNAc-
I I

D-Glu L-Ala

I - I

DAP O D-Glu

I II .1
D-Ala-C—NH-DAP

D-Ala

Figure 1 6-5

Two-dimensional representation of a bacterial peptidoglycan network. Chains
of repeating /V-acetylglucosamine (GlcNAc) and A/-acetylmuramic acid

(MurNAc) residues are linked by means of amide bonds between D-alanine

and diaminopimelic acid (DAP) residues of tetrapeptides attached to the
MurNAc units. Some tetrapeptides are not so linked (vertical chains).
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Lysis of Cells

This is perhaps the most crucial step in immunoprecipitation. The aim is to
find a method that will solubilize all of the target antigen in a form that is
immunoreactive, undegraded, and, for some purposes, biologically active. In
view of the wide range of physical and biological properties of mammalian
proteins, it is not surprising that no single method of lysis is sufficient for
every purpose. Among the variables that have been found to influence the
efficiency of solubilization and subsequent immunoprecipitation of proteins
are the ionic strength and pH of the lysis buffer; the concentration and type
of detergent used; and the presence of divalent cations, cofactors, and
stabilizing ligands.

Although there are exceptions, many soluble nuclear and cytoplasmic
proteins can be solubilized by lysis buffers that contain the nonionic de-
tergent Nonidet P-40 (NP-40) and either no salt at all or relatively high
concentrations of salt (e.g., 0.5 m NaCl). However, the efficiency of extraction
is often greatly affected by the pH of the buffer and the presence or absence of
chelating agents such as EDTA and EGTA. Extraction of membrane-bound
and hydrophobic proteins is less affected by the ionic strength of the lysis
buffer but often requires a mixture of ionic and nonionic detergents.
When attempting to solubilize a protein for the first time, there are two

different strategies that can be employed. At one extreme, harsh conditions
can be used in an effort to ensure that the protein is released quantitatively
from the cells; however, this may result in loss of immunoreactivity. At the
other extreme, gentle conditions can be used to help preserve the protein in a
native state; however, this may result in inefficient extraction of the protein
from the cells. Which of these approaches should be used is determined in
large part by the properties of the antiserum available for immunoprecipita-
tion. For example, as discussed earlier in this chapter, monospecific antisera
raised against synthetic peptides may react only with denatured forms of the
target protein, whereas monoclonal antibodies directed against native epi-
topes may be specific for the correctly folded form of the protein. To niinimize
problems, try to use polyclonal antisera or mixtures of monoclonal antibodies
that react with all forms of the protein. It is usually then possible to tailor
the extraction conditions to fit the characteristics of the target protein rather
than the properties of the available antisera.
Many methods of solubilization, particularly those that involve mechanical

disruption of cells, release intracellular proteases that can digest the target
protein. The susceptibility of different proteins to attack by proteases varies
widely, with cell-surface and secreted proteins generally being more resistant
than intracellular proteins. Denatured proteins are much more likely to be
degraded than native proteins. It is therefore advisable to take steps to
minimize proteolytic activity in cell extracts, especially when harsh condi-
tions of extraction are used. It is important to keep the extracts cold (i.e., at
0°C or below, depending on the sensitivity of the target protein to freezing
and thawing). In addition, inhibitors of proteases are commonly included in
lysis buffers (Table 18.1). For additional information about inhibitors of
proteases, see Barrett and Salvesen (1986).
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The lysis buffers that are commonly used to prepare extracts of mam-
malian cells for immunoprecipitation are shown below. In the absence of any
information about the target antigen, we recommend trying the triple- and
single-detergent lysis buffers before turning to more specialized methods of

extraction.

Cautions: PMSF is extremely destructive to the mucous membranes of the

respiratory tract, the eyes, and skin. PMSF may be fatal if inhaled,

swallowed, or absorbed through the skin. In case of contact, immediately
flush eyes or skin with copious amounts of water. Discard contaminated
clothing.

Sodium azide is poisonous. It should be handled with great care wearing
gloves, and solutions containing it should be clearly marked.

PMSF, which is labile in aqueous solution, should be added from a stock

solution just before the lysis buffer is used. The rate of inactivation in

aqueous solution increases with pH and is faster at 25°C than at 4°C. The
half-life of a 20 fiM aqueous solution of PMSF is about 35 minutes at pH 8.0
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(James 1978). This means that aqueous solutions of PMSF can be safely
discarded after they have been rendered alkaline (pH > 8.6) and stored for
several hours at room temperature. PMSF is usually stored as a 10 mM or
100 him stock solution (1.74 or 17.4 mg/ml in isopropanol) at -20°C.
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LYSIS OF CULTURED MAMMALIAN CELLS

1. Add the lysis buffer of choice (cooled to 0°C) to chilled, washed cell

monolayers (step 5, page 18.28). Incubate for 20 minutes on a flat

aluminum tray on a bed of crushed ice.

Volume of lysis Size of petri

buffer (ml) dish or well (mm)

L0 90

0.5 60

0.25 35

0.25 30 (well)

2. Scrape the cells to one side of the dish with a policeman. Using an

automatic pipetting device, transfer the cell debris and lysis buffer to a

chilled microfuge tube.

The best policemen are made as follows:

a. Using a scalpel, slice silicon rubber stoppers (2 cm in diameter) into quarters.

b. Place each piece of stopper on the bench and impale it on a pasteur pipette.

c. Use the straight edge of the sliced stopper for scraping cells.

d. After use, store the policemen in detergent solution before washing. The policemen

can be sterilized by autoclaving for 20 minutes at 15 lb/sq. in.

3. Centrifuge the lysate at 12,00Qg for 2 minutes at 4°C in a microfuge.

4. Transfer the supernatant to a fresh microfuge tube, and store it on ice or

at -70°C, depending on the sensitivity of the target antigen to freezing

and thawing.

Notes

i. When experimenting with conditions for solubilization of the protein of

interest, it is sometimes useful to extract the cell debris (step 4) with a

stronger lysis buffer.

ii. Cells growing in suspension should be concentrated by centrifugation and

then resuspended in the appropriate lysis buffer (chilled to 0°C) at a

concentration of 10
7
cells/ml. After 30 minutes at 0°C, transfer the cell

suspension to a chilled microfuge tube and proceed as described in step 3.

iii. After thawing, samples that have been stored at -20°C should be

centrifuged at 12,000# for 5 minutes at 0°C in a microfuge. This removes

aggregates of cytoskeletal elements.
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ENZYMATIC LYSIS OF YEAST

This method is used when the available antibody recognizes the native form
of the target protein.

1. Collect the cells from a 1-ml culture by centrifugation at 12,000g for 1

minute at 0°C in a microfuge or at 3000 rpm for 5 minutes at 0°C in a
Sorvall RT6000 (or equivalent). Discard the supernatant (unless the

protein of interest is a secretory protein).

2. Resuspend the cells by vortexing in ice-cold phosphate-buffered saline

(PBS; see Appendix B). Recover the cells by centrifugation as described

in step 1. Discard the supernatant.

3. Resuspend the pellet in a volume of stabilizing buffer A (at room
temperature) equivalent to the volume of the original culture (usually 1

ml as in step 1). Incubate the supension for 10 minutes at 30°C.

Caution: PMSF is extremely destructive to the mucous membranes of

the respiratory tract, the eyes, and skin. PMSF may be fatal if inhaled,

swallowed, or absorbed through the skin. In case of contact, immediate-

ly flush eyes or skin with copious amounts of water. Discard contami-

nated clothing.

PMSF, which is labile in aqueous solution, should be added from a

stock solution just before the stabilizing buffer is used. The rate of

inactivation in aqueous solution increases with pH and is faster at 25°C

than at 4°C. The half-life of a 20 fiM aqueous solution ofPMSF is about

35 minutes at pH 8.0 (James 1978). This means that aqueous solutions

ofPMSF can be safely discarded after they have been rendered alkaline

(pH > 8.6) and stored for several hours at room temperature. PMSF is

usually stored as a 10 mM or 100 mM stock solution (1.74 or 17.4 mg/ml
in isopropanol) at -20°C.

4. Recover the cells by centrifugation as described in step 1, and resuspend

the cell pellet in a volume of stabilizing buffer B equal to the volume of

the original culture. Incubate the suspension for 2 minutes in a water

bath set at 30°C.
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RAPID LYSIS OF YEAST CELLS

This method can be used only when the antibody recognizes denatured forms

of the target protein.

1. Collect the cells from a 1-ml culture by centrifugation at 12,00Qg for 1

minute at 0°C in a microfuge or at 3000 rpm for 5 minutes at 0°C in a

Sorvall RT6000 (or equivalent). Discard the supernatant (unless the

protein of interest is a secretory protein).

2. Resuspend the cells in 0.5 ml of 25% trichloroacetic acid (TCA).

3. Recover the cells by centrifugation as described in step 1, and resuspend

them in 1 ml of 90% acetone.

4. Recover the cells by centrifugation as described in step 1, and estimate

the volume of the pellet. Resuspend the pellet in an equal volume of 1%
SDS.

5. Add acid-washed glass beads (0.45-0.50 mm in diameter) to the level of

the meniscus.

At one time, glass beads of the correct size could be purchased only from one

supplier, located in Germany (B. Braun, Melsiingen). Recently, however, several

companies in the United States have begun to sell beads of the correct size of

acceptable quality.

6. Vortex the suspension on a heavy-duty vortexing machine for five periods

of 20 seconds each. Cool the suspension on ice for 1 minute between each

cycle of vortexing. Monitor cell lysis by phase-contrast microscopy.

7. Using a red-hot hypodermic needle (23 gauge), make a hole in the lid of

the microfuge tube. This prevents the glass beads from exploding out of

the tube during heating.

8. Heat the tube in a boiling-water bath for 3 minutes.

9. Transfer the glass beads into a fresh microfuge tube, and wash the

original tube with 0.5 ml of RIPA buffer. Add the wash to the fresh

microfuge tube containing the glass beads.

10. Recover the cell extract by punching a small hole through the bottom of
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the microfuge tube. This is best done with a red-hot hypodermic needle

(23 gauge). Place the microfuge tube containing the glass beads inside

an empty microfuge tube. Centrifuge the piggybacked pair of tubes in a
15-ml Corex tube at 200C& for 2 minutes at 4°C.

11. Recover the bottom microfuge tube, which should contain the cell extract.

Clarify the extract by centrifuging the tube at 12,000^ for 5 minutes at
4°C in a microfuge. Transfer the supernatant to a fresh microfuge tube.

Extracts of yeast cells are usually stable when stored at -20°C.
However, if the protein of interest is sensitive to proteolysis, add protease
inhibitors to the extracts (see Table 18.1) and store them at 0°C. Try to

minimize the time between cell lysis and immunoprecipitation.

12. Immunoprecipitate the protein of interest from the cell extract as de-

scribed on pages 18.44-18.46.
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LYSIS OF BACTERIA

Immunoprecipitation of target proteins from cell lysates is used far more
rarely with bacterial expression systems than with mammalian expression
systems because foreign proteins are usually expressed in E. coli from
powerful inducible promoters. Following induction, therefore, novel gene
products frequently accumulate to such a level that they can be detected by
the appearance of novel bands after SDS-polyacrylamide gel electrophoresis
ot total cell proteins. Immunological identification of these novel bands can
then be obtained by western blotting using antisera or monoclonal antibodies
that react with denatured forms of the target protein. If no novel proteins
are detectable by this technique, it makes more sense to test the cloned DNA
in a series of different E. coli expression systems rather than to attempt
immunoprecipitation from cell extracts that contain unusably small quan-
tities of target protein.

Total lysates of small-scale cultures of E. coli are easily made as follows:

1. After induction for the appropriate period of time, recover the bacteria
from 1 ml of culture by centrifugation at 12,00% for 30 seconds in a
microfuge.

2. Remove the medium by aspiration, and then resuspend the pellet bv
vortexing m 0.5 ml of ice-cold 50 mM Tris Cl (pH 7.4). Recover the
bacteria by centrifugation at 12,000# for 30 seconds at 0°C in a microfuge.

3. Remove the supernatant by aspiration, leaving the bacterial pellet as dry
as possible. Take care to remove any beads of fluid that adhere to the
sides of the microfuge tube.

4. Resuspend the pellet by vortexing in 25 fil ofH20. As soon as the pellet is
dispersed, add 25 /d of 2 x SDS gel-loading buffer and continue vortexing
for 20 seconds.

6

5. Place the sample in a boiling-water bath for 5 minutes.

6. Shear the chromosomal DNA by sonication, using either a sonicator with
an immersible tip or a sonicator that can process many samples simulta-
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neously in a chilled cup. Depending on the power output of the sonicator

and its state of tuning, between 30 seconds and 2 minutes at full power
should be sufficient to reduce the viscous lysate to manageable levels.

Larger samples can be sheared by repeated passage through a 23-gauge hypodermic
needle.

7. Centrifuge the sample at 12,00Qg for 10 minutes at room temperature.

Transfer the supernatant to a fresh tube and discard the pellet.

8. Analyze 25 jxl of the sheared or sonicated lysate by electrophoresis

through an SDS-polyacrylamide gel as described on pages 18.47-18.54.

Store the unused portion of the sample at —20°C.
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